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Limitation of Liability, 
Scope of Report and Third Party Reliance 


This report has been prepared and the work referred to in this report has been undertaken by Golder Associates 
Ltd. for Imperial Oil Limited. It is intended for the sole and exclusive use of Imperial Oil Limited, its affiliated 
companies and partners and their respective agents, employees and advisors (collectively, “Imperial Oil”). Any 
use, reliance on or decision made by any person other than Imperial Oil based on this report is the sole 
responsibility of such other person. Imperial Oil and Golder Associates Ltd. make no representation or warranty to 
any other person with regard to this report and the work referred to in this report and they accept no duty of care 
to any other person or any liability or responsibility whatsoever for any losses, expenses, damages, fines, 
penalties or other harm that may be suffered or incurred by any other person as a result of the use of, reliance on, 
any decision made or any action taken based on this report or the work referred to in this report. 


The investigation undertaken by Golder Associates Ltd. with respect to this report and any conclusions or 
recommendations made in this report reflect Golder Associates Ltd.’s judgment based on the site conditions 
observed at the time of the site inspection on the date(s) set out in this report and on information available at the 
time of preparation of this report. This report has been prepared for specific application to this site and it is based, 
in part, upon visual observation of the site, subsurface investigation at discrete locations and depths, and specific 
analysis of specific chemical parameters and materials during a specific time interval, all as described in this 
report. Unless otherwise stated, the findings cannot be extended to previous or future site conditions, portions of 
the site which were unavailable for direct investigation, subsurface locations which were not investigated directly, 
or chemical parameters, materials or analysis which were not addressed. Substances other than those addressed 
by the investigation described in this report may exist within the site, substances addressed by the investigation 
may exist in areas of the site not investigated and concentrations of substances addressed which are different 
than those reported may exist in areas other than the locations from which samples were taken. 


If site conditions or applicable standards change or if any additional information becomes available at a future 
date, modifications to the findings, conclusions and recommendations in this report may be necessary. 


Other than by Imperial Oil, copying or distribution of this report or use of or reliance on the information contained 
herein, in whole or in part, is not permitted without the express written permission of Golder Associates Ltd. 
Nothing in this report is intended to constitute or provide a legal opinion." 
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EXECUTIVE SUMMARY 


As part of the Kearl Oil Sands development, Imperial Oil Resources Limited has implemented a long-term Surface 
Water and Fish Monitoring (SWFM) Plan designed to meet the monitoring conditions for aquatic resources 
specified for Kearl by federal and provincial regulatory agencies. The SWFM Plan addresses monitoring 
requirements specified by Fisheries and Oceans Canada (DFO) in the Kearl Fisheries Act Authorization, and 
portions of the EPEA Approval that relate to the Kearl habitat compensation plan and to hydrology/climate 
monitoring. The annual monitoring program has been in operation since 2009. This report provides the results of 
the 2018 component of the monitoring program as well as specific analytical results from the 2017 monitoring 
program that were not available for previous reports. In addition to annual monitoring reports, a summary of the 
overall monitoring results and integration of the Kearl monitoring data with regional monitoring data occurs every 
five years of the program. As 2018 marks the tenth year of the monitoring program, this report provides the 
second five-year summary report. 


The long-term SWFM Plan was designed to monitor for potential effects of Kearl on the aquatic environment 
within and adjacent to the Kearl area and evaluate the effectiveness of fish habitats constructed to provide 
compensation for habitats affected by Kearl development. The long-term monitoring plan includes monitoring of 
three environmental components: 1) surface water hydrology, 2) surface water and sediment quality; and 3) fish 
and fish habitat. 


The long-term SWFM Plan includes a number of objectives to be achieved over the full extent of the program for 
Kearl (Imperial Oil 2009a), which extends past Kearl closure. The objectives of the 2018 monitoring program 
consisted of providing monitoring data that can be used in determining the effects of Kearl on surface water 
hydrology and water/sediment quality in the relevant portions of the Muskeg River and Firebag River watersheds 
within or downstream of the Kearl area, and in assessing the development of Muskeg Lake (Кеап Phase I 
Compensation Lake). 


Hydrology Component 


Hydrology monitoring has been conducted at Kearl since 2005, with the monitoring program incorporated into the 
long-term SWFM Plan starting in 2009. The 2018 hydrology monitoring program extended the streamflow record 
at previously-established streamflow monitoring stations in the Muskeg and Firebag River watersheds in and 
around the Kearl lease, and continued the collection of climate data initiated in 2009 at one location in the upper 
Muskeg River watershed. The hydrology program consists of manual stream discharge and water level 
measurements collected four times per year, and continuous (datalogger) water level and climate recordings. The 
data were analyzed, in combination with historical and regional data, to provide an integration with regional 
hydrometric monitoring data and provide comparisons to predictions from the Kearl Environmental Impact 
Assessment (EIA) (Imperial Oil 2005) that were made based on simulated flows using the Hydrological Simulation 
Program - Fortran (HSPF) model. 


The Kearl surface water hydrology EIA focused on addressing changes in flows in the watercourses downstream 
of Kearl and changes in water balance of Kearl Lake. To evaluate the hydrology model predictions from the EIA, 
the predictions were compared with recorded monitoring data. The assessment indicated that the range of 
variability of flows and water levels recorded by Kearl and regional hydrometric stations were generally within the 
predicted flow and water level statistics provided in the Kearl EIA, with occasional exceptions. 


For EIA predictions for Kearl Lake, the data indicates that the average annual lake levels up to 2005 were 
generally higher than they have been thereafter. This does not seem to be related to the filling of Muskeg Lake 
from 2010 to 2013 but is likely due to higher than average precipitation from 1999 to 2003 and in 2005 (as 
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measured at the regional climate monitoring station). For ће Muskeg River downstream of Кеап, the mean ice- 
covered flows have been decreasing since 2012, although the mean open-water season flows and mean annual 
flows have been more stable. This watershed has increasing closed-circuit areas within it, and no overburden 
dewatering has occurred to date, which may explain why flows have not increased as originally predicted in the 
Kearl EIA. For the Muskeg River at the mouth, the seasonal open-water period and ice-covered period flows were 
predicted to increase for the year 2007. The EIA predictions were close to the average flows recorded by the 
regional monitoring station near the Muskeg River mouth. 


Generally, the differences between the results of EIA model predictions and the monitoring data can be attributed 
to the difference in the assumptions used during the EIA assessment regarding the schedule of Kearl, Aurora 
South and Jackpine Phase 1 projects and the actual development schedules for these projects. 


Water/Sediment Quality Component 


In fall 2017 and during seasonal surveys in 2018, water and sediment quality samples were collected at 
watercourse stations in four watersheds downstream of the Kearl Project (Firebag River, Muskeg River, Muskeg 
Creek and Wapasu Creek) and in two waterbodies (Kearl Lake and Muskeg Lake). The data were analyzed, in 
combination with historical and regional data from 2006 to 2018, to evaluate changes in water and sediment 
chemistry over time. 


Field and analytical water quality data for samples collected in fall 2017 and in 2018 at monitoring stations in the 
Kearl area were generally within typical ranges observed in the oil sands Region. The concentrations of water and 
sediment quality parameters were also generally consistent with the historical data collected at these monitoring 
stations in previous monitoring years. Concentrations of select polycyclic aromatic hydrocarbons (РАН5) in 
sediment data were occasionally above the range of historical data from previous monitoring years, likely due to 
eroded oil sands. Sediment toxicity test results generally indicate no adverse effect on survival of test organisms. 


Muskeg Lake and Kearl Lake 2018 results indicated concentrations of metals in water quality samples and PAHs 
in sediment quality samples were generally higher in Muskeg Lake than Kearl Lake, and concentrations of metals 
in sediment samples were generally higher in Kearl Lake than Muskeg Lake. А! other Muskeg Lake water and 
sediment quality analytical results were generally similar to Kearl Lake, or, in the case of total organic carbon in 
sediment, lower than Kearl Lake but expected to trend towards Kearl Lake concentrations over time. 


Monitoring data collected to date was examined for possible trends in water and sediment quality in each of the 
four downstream watersheds. The number of guideline exceedances for most water and sediment quality 
parameters in all watersheds were similar in the Kearl baseline (pre-operational) phase compared to the 
operational phase; however, field pH was measured outside the chronic water quality guideline more frequently in 
the operational phase in all watersheds. There were no strong seasonal trends for total or dissolved metal 
concentrations in water samples; however, the fewest guideline exceedances were observed in summer. In 
general, more metal parameters in water samples exceeded guidelines in the Muskeg Creek watershed relative to 
other watersheds. Concentrations of hydrocarbons and PAHs in sediment samples in both the baseline and 
operational phases suggest that the sediment samples collected contained eroded oil sands. 


Water quality parameters generally did not show temporal trends or showed only weak trends for the watercourse 
and lake monitoring stations. Most metal concentrations measured in the watercourse and lake stations were 
elevated at some point during construction and early operational phase but did not show any long-term trends. 
Total cobalt, dissolved iron, total and dissolved arsenic, and methyl mercury concentrations appear to have 
increased at some stations in the Muskeg River after the construction phase. Select parameters (i.e., sodium, 
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chloride, total Kjeldahl nitrogen, total aluminium, cobalt, iron, тапдапезе and titanium concentrations) have 
increased in Muskeg Lake over time. 


The monitoring data collected to date for Muskeg Lake were compared to the water quality model predictions for 
Phase | of Muskeg Lake presented in the Kearl No Net Loss Plan (NNLP) (Imperial Oil 2007) regarding expected 
trophic status, temperature profiles, dissolved oxygen profiles, and total dissolved solids concentrations over time. 
The model predictions were generally confirmed by the monitoring data collected to date. As expected, the 
characteristics of Muskeg Lake were similar to Kearl Lake conditions, except for parameters that were expected to 
be lower than Kearl Lake initially and trend towards Kearl Lake conditions over time. 


Fish and Fish Habitat Component 


As per the long-term SWFM Plan, the fish and fish habitat component of the 2018 monitoring program consisted 
of the following activities designed to collect fish habitat and fish population data for evaluating the biological 
development of Muskeg Lake, and data for assessing fish populations in Kearl Lake following 5 years of 
connection to Muskeg Lake. 


m Collect habitat data in Muskeg Lake relative to assessing habitat development and lower-level productivity 
(i.e., key water quality parameters, macrophyte distribution, plankton sampling and benthic invertebrate 
sampling). 


m Conducta habitat-based fisheries inventory in Muskeg Lake to assess species colonization, composition, 
abundance and biomass. 


m Conducta fisheries inventory in Kearl Lake to assess species composition, abundance and biomass. 


The 2018 monitoring results were integrated with the previous years results to track the trajectory of Muskeg Lake 
development over time and to provide an evaluation of the current level of biological development of the lake. 
Construction and filling of Muskeg Lake was completed by spring 2013 and the connector channel between 
Muskeg Lake and Kearl Lake was opened in 2014, allowing fish colonization of Muskeg Lake. The Muskeg Lake 
data summary includes plankton and benthic invertebrate data collected over the six-year period from 2013 to 
2018 (lake filling to present) and five years of fish habitat and fish population data collected from 2014 to 2018 
(start of fish colonization to present). In addition to evaluating the general biological development of Muskeg Lake, 
the monitoring data was compared to the specific predictions made for the lake as part of the lake design provided 
in the Kearl NNLP (Imperial Oil 2007). 


Monitoring of fish populations in Kearl Lake was conducted in 2018 to provide data for comparison to previous 
data for the lake obtained during the five-year baseline sampling program that was conducted from 2009 to 2013, 
prior to Kearl Lake being connected to Muskeg Lake. Sampling was conducted in Kearl Lake in 2018 as it 
represents five years since the baseline program was completed. Fish inventory surveys were completed to 
evaluate if the connection to the secure overwintering habitats in Muskeg Lake has provided a benefit to the fish 
populations in Kearl Lake. 


Muskeg Lake Biological Development 
Physiochemical Characteristics 


The hydrology assessment in the NNLP predicted that the combined Kearl-Muskeg lakes system would have 
stable water levels, with fluctuations typical for natural lakes in the region, facilitating development of a stable and 
productive littoral zone in Muskeg Lake. The evaluation of current water level data for the Kearl-Muskeg lakes 
system indicates that Muskeg Lake maximum water level fluctuations to date have been less than 0.6 m, 


matching the prediction that fluctuations over the long-term would be less than 1.0 m. Muskeg Lake has had a 
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stable water level since filling and data from the fish habitat surveys show the lake has developed stable and 
productive riparian and littoral zones, with an expanding riparian and aquatic vegetation. 


Water quality data shows that, based on nutrient levels, Muskeg Lake has transitioned from oligotrophic to 
mesotrophic status over the development period to date and currently has a trophic status similar to Kearl Lake. 
This matches the NLLP prediction for the early stages of the lake, with the lake expected to trend towards meso- 
eutrophic status in the future. 


Assessment of the continual temperature recordings from the datasondes deployed during the open water periods 
from 2014 to 2018 show average summer temperatures to be 19.1°C, the range of maximum weekly summer 
temperatures to be 22.4°C to 23.2°C, and the maximum peak temperatures to be 22.9°C to 25.2°C. These 
measurements confirm the NNLP model prediction of an average summer temperature of 19°С and are similar to 
the predicted maximum summer temperature of 24.5°C. 


The NNLP does not provide specific predictions for pH in Muskeg Lake but assumes the pH range will be the 
same as Kearl Lake, with the pH range of 6 to 9 used as the input for fish Habitat Suitability Index (HSI) 
modelling. The datasonde records for Muskeg Lake show a pH range of 7.5 to 9.1 for all monitoring years 
combined, matching the inputs used for NNLP fish habitat modelling. 


Measured dissolved oxygen levels show a greater degree of variability than predicted in the NNLP. Open-water 
dissolved oxygen levels were both higher and lower at times than the predicted primary range of 7.2 to 8.2 mg/L, 
and were higher at times than the overall range of 5 to 9.5 mg/L. In the winter, the under-ice depth to which 
dissolved oxygen levels of 5 mg/L or higher were maintained was sometime less than predicted, while dissolved 
oxygen levels at the lake bottom were sometimes higher than predicted. In all years, Muskeg Lake, including the 
majority of lake depths in the winter, provided dissolved oxygen levels highly suitable as secure overwintering 
habitat for the target fish community of forage fish, Norther Pike, Yellow Perch and White Sucker. 


TDS concentrations in Muskeg Lake after filling were in the range of 150 to 250 mg/L, most recently stabilizing at 
approximately 200 mg/L. The current TDS levels in Muskeg Lake are somewhat lower than the predicted range of 
approximately 230 to 245 mg/L for the Phase | lake but are within the range of values for Kearl Lake, as predicted. 
All TDS values measured in Muskeg Lake are in the optimal range for the fish species for which TDS is a factor in 
determining habitat suitability. 


Predictions for mercury levels in Muskeg Lake were not included in the NNLP; however, mercury concentrations 
were evaluated due to the concern with potential increases in mercury in fish tissue that have been documented 
to occur in some constructed and flooded waterbodies. The 2012 to 2018 water quality monitoring data shows 
that total mercury levels in Muskeg Lake water were similar to, and slightly lower than, Kearl Lake, while methyl 
mercury was below detection limits in both lakes and total mercury in Muskeg Lake sediment was also below 
detection limits. The monitoring data demonstrates that there has been no increase in mercury or bio-available 
mercury in Muskeg Lake due to flooding of the basin. This is likely due to the fact that the lake was created by 
excavation, removing vegetation and organic soil prior to flooding, a key mitigation measure to prevent mercury 
increases. 


Biological Components 


Aquatic macrophyte stands were planted in the littoral zone of Muskeg Lake in August 2013, consisting of 
Richardson's Pondweed (Potamogeton richardsonii) propagules and Softstem Bulrush (Schoenoplectus 
tabernaemontani) propagules. In addition to the macrophyte plantings, natural colonization of the Muskeg Lake 
littoral zone has occurred for other emergent and submergent vegetation species. Mapping of aquatic vegetation 


{у GOLDER iv 


000018 


March 2019 18110625 


in Muskeg Lake from 2016 to 2018 indicates continuing colonization and expansion of aquatic macrophytes in the 
lake. Macrophyte development has not yet achieved the average littoral density of 57% predicted in the NNLP but 
expansion of macrophyte distribution and density in Muskeg Lake is expected to continue through both new 
colonization and expansion of existing stands. 


Zooplankton and phytoplankton samples were collected in Muskeg Lake annually from 2013 to 2016. The results 
indicate that zooplankton development in Muskeg Lake took two years (richness) to four years (biomass) to reach 
levels comparable to Kearl Lake. From four to six years after filling (2016 to 2018), zooplankton biomass and 
richness levels have been comparable to, or higher than, Kearl Lake. In comparison, the results indicate that 
phytoplankton development in Muskeg Lake was rapid, occurring during the lake filling phase from 2010 to 2013. 
For five of the six post-fill monitoring years (2013 to 2016 and 2018), phytoplankton biomass has been similar to 
the lower range observed in Kearl Lake, while 2017 levels exceeded the maximum Kearl Lake level. 


The 2013 to 2018 benthic invertebrate monitoring results indicate that Muskeg Lake benthic invertebrate 
colonization began during the Muskeg Lake filling phase, followed by rapid colonization and development of the 
benthic invertebrate community in the littoral zone and slower development in the pelagic zone. In comparison to 
Kearl Lake, littoral benthic invertebrate density and richness levels in Muskeg Lake were similar to or exceeded 
levels typical of the natural lake within two years of filling, providing a strong food base for fish. This matches the 
general prediction provided in the NNLP that it would require one to five years to achieve levels comparable to 
natural environments. Comparison to other regional lakes indicated benthic invertebrate densities within the post- 
colonization phase of Muskeg Lake were comparable to some neighboring regional lakes but were lower than the 
larger regional lakes. 


The development of fish populations in Muskeg Lake has occurred fairly rapidly over the first five years since the 
lake connector channel was opened to allow fish colonization from Kearl Lake. Fish species diversity is high in 
Muskeg Lake, with all fish species currently or historically documented to be present in Kearl Lake now also 
present in Muskeg Lake, providing the maximum species diversity that is achievable through colonization. This 
includes all six of the seven fish species targeted for inclusion in the Muskeg Lake community in the NNLP that 
are present in the Kearl Lake/Muskeg Creek drainage area. The seventh fish species targeted for the fish 
community in the NNLP (Yellow Perch) is not present in Kearl Lake or in the drainage basin. As identified in the 
NNLP, Yellow Perch would require stocking to become part of the Muskeg Lake fish community. 


Fish abundance (as represented by catch-per-unit-effort [CPUE]) and biomass (as represented by biomass-per- 
unit-effort [BPUE]) have developed well in Muskeg Lake. Forage fish populations developed rapidly, achieving 
CPUE and BPUE levels comparable to Kearl Lake the year of connector channel opening and the following year, 
respectively. Forage fish CPUE levels in Muskeg Lake are also comparable to other regional natural or mature, 
man-made waterbodies. Large-bodied fish populations developed more slowly than did forage fish, which was 
expected based on the low abundance of suckers and general absence of Northern Pike in Kearl Lake due to the 
lake's lack of pelagic habitat. Nonetheless, the abundance and biomass levels of the Muskeg Lake large-bodied 
fish community exceeded those of Kearl Lake within three years of connector channel opening. Currently, Muskeg 
Lake supports a large-bodied fish community, and in particular Northern Pike and White Sucker populations, with 
CPUE levels comparable to natural regional lakes that also provide deep-water pelagic habitats. 


Fish Habitat Suitability Index Modelling 


Fish Habitat Suitability Index (HSI) models have been developed for the Alberta oil sands region (Golder 2008) to 
assist with determination of habitat quality for natural habitats and for habitats constructed to compensate for 
alterations of natural habitats. HSI values are used in conjunction with measures of habitat quantity (i.e., surface 
area) to provide a quantification of the estimated habitat productivity in the relevant habitats. Habitat productivity is 
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represented by Habitat Units, calculated as: HUs = HSI x surface area (m?). The Kearl NNLP (Imperial Oil 2007) 
provided HSI and HU calculations for all affected habitats and for the compensation habitats to be developed in 
Muskeg Lake. To provide the specified amount of compensation for the affected HUs, Muskeg Lake is designed 
to provide a specific amount of HUs for the fish species expected to form the fish community. To quantify the 
trajectory and current estimated productivity level of Muskeg Lake, calculations were completed for the HSI values 
and HUSs provided to date in relation to the modelled predictions in the NNLP. 


To show the trajectory of habitat development and the current maturity level of Muskeg Lake, HSI and HUs were 
calculated for the last three years of monitoring data (2016, 2017 and 2018). The Muskeg Lake values were then 
compared to the modelled HSI values and HUs from the NNLP to gauge the degree to which the lake matches the 
predictions and to identify the specific habitat components that need further developmental time. 


The HSI models each consist of a number of habitat variables, representing the physiochemical and biological 
characteristics of the lake, with defined ranges of suitability used to assign the Suitability Index (SI) for the 
variable. As specified by the requirements of the various HSI models, SI modelling input data was provided by the 
Muskeg Lake as-built specifications (surface area, bathymetry) and the hydrology (water level), water quality 
(dissolved oxygen, temperature, pH, TDS) and fish habitat (macrophytes, datasonde) monitoring results. 


The HSI values were calculated individually for each of the seven species identified in the NNLP for the Muskeg 
Lake fish community, as well as the three additional species that have colonized Muskeg Lake. The HSI values 
were calculated for each individual species for each of the three recent years of monitoring data (2016, 2016 and 
2018) to show how the lake has developed over time. 


The estimated productivity of Muskeg Lake, as represented by the total number of HUs, increased from 759,104 
in 2016 to 1,093,112 in 2018 for the seven fish species identified in the NNLP. As of 2018, Muskeg Lake is 
estimated to provide 89% of the 1,230,000 HUs the lake is expected to provide at maturity for these species. 
Additional HUs were also calculated to be present in Muskeg Lake for the three additional species that have 
colonized the lake. 


The HSI values for six of the seven species identified for the Muskeg lake fish community have shown an 
increase over the three-year assessment period (2016 to 2018), while the HSI values for one species (White 
Sucker) had already met the NNLP modelled expectation in 2016. The HSI values for all four of the target forage 
fish species (Brook Stickleback, Fathead Minnow, Lake Chub and Pearl Dace) reached the NNLP modelled 
expectations by 2017 or 2018, depending on the species. Although Northern Pike HSI increased over time from 
0.16 to 0.40, the 2018 value has not yet achieved the NNLP modelled expectation of 0.50. The HSI value for 
Northern Pike is currently limited by the level of aquatic vegetation development in the lake and is therefore 
expected to reach the modelled prediction given further developmental time. The HSI value for Yellow 

perch (0.30), a species not present in Muskeg Lake but considered for future stocking, is lower than the NNLP 
modelling prediction of 0.70. Habitat suitability for Yellow Perch is currently limited by spring water temperatures 
appearing to be too warm. However, water temperatures have only been monitored in Muskeg Lake in the late 
spring. Therefore, advancing the installation of the water quality datasondes to occur immediately after ice-out in 
the spring is recommended for future monitoring. It is expected that obtaining temperature records for the entire 
spring period would show a higher suitability for this species. 
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Kearl Lake Fish Populations 


In the first survey conducted for Kearl Lake since the opening of the connector channel to Muskeg Lake, the 
results show the abundance (CPUE) and biomass (BPUE) for small-bodied forage fish was within the range found 
during baseline conditions (2009 to 2013), while results for large-bodied fish species showed a large increase 
from baseline conditions. Large-bodied fish BPUE has seen a 10-fold increase over what was observed during 
baseline conditions. This was mainly due to the presence of Northern Pike in Kearl Lake, as Northern Pike was 
not found in the lake during baseline sampling. As a benefit of Muskeg Lake construction, it was intended that 
Northern Pike would be able to establish a permanent population in Kearl Lake as a result of the connection to 
Muskeg Lake and its secure overwintering habitat. 
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1.0 INTRODUCTION 


Imperial Oil Resources Limited (Imperial) is in the process of operating the initial stages of the Kearl Oil Sands 
development (Kearl). As part of Kearl, Imperial has prepared a long-term monitoring plan to be implemented 
throughout the life of Kearl. The long-term monitoring plan, termed the Surface Water and Fish Monitoring 
(SWFM) Plan (Imperial Oil 2009a), is designed to meet the monitoring conditions specified for Кеап by federal 
and provincial regulatory agencies and is based on the conditions specified in the Authorization provided by 
Fisheries and Oceans Canada (DFO) pursuant to Section 35(2) of the Fisheries Act (Authorization No. ED-03- 
2806 – June 2, 2008), as well as the Alberta Environmental Protection and Enhancement Act (EPEA) Approval 
(Approval No. 46586-00-00 – November 9, 2007, as amended). The SWFM Plan addresses monitoring 
requirements of both the Fisheries Act Authorization and portions of the EPEA Approval that relate to the Kearl 
habitat compensation plan and to hydrology/climate monitoring. Details of the habitat compensation plan are 
provided in the Kearl Oil Sands Project – Mine Development: No Net Loss Plan (NNLP) (Imperial Oil 2007). 


The long-term SWFM Plan was designed to: 


m monitor for potential effects of Kearl on the aquatic environment within and adjacent to the Kearl area; and 


m evaluate the effectiveness of fish habitats constructed to provide compensation for habitats affected by Kearl 


development. 
The long-term monitoring plan includes monitoring of three environmental components: 
m surface water hydrology; 
m surface water and sediment quality; and 
m fish and fish habitat. 


The long-term SWFM Plan was implemented in 2009 with the start of the monitoring activities specified in the 
plan, and has continued on a yearly-basis with annual reports as follows: 


m 2009 - Year 1 (Imperial Oil 20096) 
m 2010 - Year 2 (Golder 20102) 

m  2011- Year 3 (Golder 2011) 

m  2012- Year 4 (Golder 2012) 

m 2013 – Year 5 (Golder 2013a) 

m 2014 – Year 6 (Golder 2014) 

m  2015- Year 7 (Golder 2015) 

m  2016- Year 8 (Golder 2017а) 

m 2017 – Year 9 (Golder 20176) 
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This document provides a description of monitoring activities conducted in 2018 (Year 10) and how these 
activities relate to the long-term monitoring plan. This document presents the data that was collected during 2018 
monitoring activities, as well as analytical results for samples collected in 2017 for which laboratory analysis was 
not available at the time of preparation of the previous monitoring report. This document also provides a summary 
of previous monitoring results in relation to the monitoring objectives, which is conducted every five years of the 
monitoring program, as described below. 


The long-term monitoring plan includes monitoring locations established and monitored by Imperial, as well as 
consideration of monitoring results at monitoring locations established for regional monitoring programs that are 
part of the integration between Kearl monitoring and regional initiatives. Regional monitoring activities and results 
are provided by Regional Aquatics Monitoring (RAM), which consists of aquatic monitoring in the oil sands region 
conducted and reported by the: 


m Regional Aquatics Monitoring Program (RAMP) from 1997 to 2012; 


m Joint Oil Sands Monitoring (JOSM) Plan from 2013 to 2015 — supported by the RAMP Steering Committee in 
2013 and by the Alberta Environmental Monitoring, Evaluation and Reporting Agency (AEMERA) in 
2014/2015; and 


m Оі Sands Environmental Monitoring (OSM) Program, jointly managed by Alberta Environment and Parks 
(AEP) and Environment and Climate Change Canada (ЕССС) from 2016 onward. 


The 2018 Kearl Monitoring data presented in this document includes the monitoring data collected at Imperial 
monitoring locations as well as regional (RAM) water quality monitoring stations for which Imperial supplemented 
monitoring activities in 2018. The supplementation of regional water quality monitoring stations by Imperial 
increased for the 2014 through 2018 programs relative to previous monitoring years due to the reduction in 
sampling effort by the regional monitoring agencies. 


Multi-year summary of Kearl monitoring results and incorporation of available RAM monitoring results in the 
analyses of Kearl monitoring data occurs at specified intervals (i.e., every five years). The first of the five-year 
summary analyses was completed in 2013 (Year 5; Golder 2013a). This report (2018 monitoring year) represent 
Year 10; therefore, this report provides the second five-year summary of the monitoring results. 


Due to the previous report submission timeline (i.e., end of December of the monitoring year), laboratory 
analytical results for some samples collected in late summer or fall 2017 (i.e., water quality, sediment 
quality/toxicity, plankton and benthic invertebrates) were not available at the time of preparation of the 2017 
Annual Monitoring Report and are presented in this (2018) monitoring report. With revision in 2018 of the report 
submission timeline to end of March of the year following monitoring, data for samples collected in late summer or 
fall of the current monitoring year (2018) are presented in this report. For subsequent monitoring years, all data 
are expected to be available at the time of preparation of the relevant annual report. 
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2.0 OBJECTIVES 


The long-term SWFM Plan includes a number of objectives to be achieved over the full extent of ће program for 
Kearl (Imperial Oil 2009a), which extends past Kearl closure (currently scheduled for 2065). The main objective 
that is relevant to the 2018 monitoring program is continuing monitoring activities associated with the early stages 
of Kearl. For 2018, this objective consisted of providing monitoring data that can be used in determining the 
effects of Kearl on surface water hydrology and water/sediment quality in the relevant portions of the Muskeg 
River and Firebag River watersheds within or downstream of the Kearl area, and in assessing the development of 
Muskeg Lake (Kearl Phase | Compensation Lake). 


As per the long-term SWFM Plan, the 2018 monitoring program included monitoring of three environmental 
components: 1) hydrology, 2) water/sediment quality, and 3) fish and fish habitat. Monitoring 

locations (i.e., stations) surveyed in 2018 for each of the three components are presented in Figure 2-1. 
Monitoring stations for the hydrology and water/sediment quality components in 2018 were generally the same as 
the stations used for previous data gathered by Imperial at various times over the period 2005 to 2017, with 
stations surveyed prior to the SWFM Plan being rolled into the Plan in 2009. In contrast, the fish and fish habitat 
component monitoring stations for 2016 through 2108 were reduced compared to the previous monitoring 

years (i.e., 2009 to 2015). This is consistent with the schedule presented in the long-term SWFM 

Plan (Imperial Oil 2009a), as the focus of the fish and fish habitat component moved from collecting additional 
baseline data within and downstream of the Kearl area to collecting monitoring data for Muskeg Lake. Fish and 
fish habitat monitoring in 2009 and 2010 focused on a number of monitoring stations in affected habitats to collect 
data for Habitat Suitability Index (Н51) model validation, as well as monitoring in Kearl Lake. In 2011, monitoring 
of affected habitats was discontinued, as planned, and the number of stations was reduced to locations in the 
Muskeg River and Wapasu Creek downstream of the Kearl area, with continued monitoring in Kearl Lake. Initial 
monitoring in Kearl Lake was completed in 2013 and initial monitoring in the Muskeg River and Wapasu Creek 
downstream of the Kearl area was completed in 2015, after five consecutive years of monitoring in both cases. 


Construction of Muskeg Lake was completed in 2010 and filling of the lake basin with water from Kearl Lake was 
completed in spring 2013. The connector channel between Muskeg Lake and Kearl Lake was opened in 2014, 
allowing colonization by fish species. Monitoring of Muskeg Lake water quality began during lake filling in 2012 
and continued to 2018, with the addition of sediment quality monitoring from 2013 to 2018. Monitoring activities 
described in the long-term monitoring plan related to initial monitoring of the biological development of Muskeg 
Lake began in 2013 and continued through 2018. 


Following collection of five years of baseline data for Kearl Lake (i.e., 2009 to 2013), the SWFM Plan includes 
subsequent monitoring of Kearl Lake at regular intervals (currently every five years). Therefore, the 2018 fish and 
fish habitat program also included monitoring of fish populations in Kearl Lake. The objective of this monitoring 
was to assess potential benefits to Kearl Lake associated with connection to Muskeg Lake and the possibility that 
overwintering habitats in the deeper Muskeg Lake provide support to Kearl Lake fish populations and productivity. 


One goal of the 2018 monitoring program was to complete the 2018 component of the long-term SWFM 
Plan (Imperial Oil 2009a), consisting of the collection of aquatic monitoring data to provide information for 
comparison to future monitoring data. This included the collection of aquatic data for each of the three 
environmental components, as described in the following sections. 
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2.1 Нуаго!оду Ргодгат 


The objectives of the ћудгојоду component of the 2018 monitoring program were to: 


m collect additional hydrometric and climate monitoring data in the vicinity of the Kearl area through the 
continuation of monitoring activities completed up to 2018 for representative watercourses; 


m provide the results, observations and challenges for the 2018 monitoring program: and 


m provide a synthesis and integration with regional hydrometric monitoring data as part of the five-year 
summary, as specified in the SWFM Plan; 


* present and discuss the available hydrology and climate station datasets, from monitoring program 
inception to present, for both Kearl and regional monitoring stations; and 


* Present comparisons of Kearl and regional monitoring data to predictions from the Kearl Environmental 
Impact Assessment (EIA) (Imperial Oil 2005). 


2.2 Water and Sediment Quality Program 
The objectives of the water and sediment quality component of the 2018 monitoring program were to: 


m collect additional monitoring data in the vicinity of the Kearl area through the continuation of monitoring 
activities completed from 2006 to 2017 for representative watercourses and waterbodies; 


m continue the collection of monitoring data in the Muskeg River downstream of the Kearl area, which was 
previously conducted from 2009 to 2017; 


m continue the collection of water and sediment quality data to monitor development of Muskeg Lake; sampling 
was initiated in 2012 during the lake filling period for water quality and in 2013 once lake filling was complete 
for sediment quality; 


m provide the water quality, sediment quality and sediment toxicity data for samples collected from fall 2017 to 
fall 2018; 


m provide a summary of Kearl monitoring data collected from 2006 to 2018, integrated with regional monitoring 
data (e.g., RAM and AEP) collected at relevant monitoring stations in the Muskeg River basin, as specified in 
the SWFM Plan; 


* compare compiled data to water and sediment guidelines currently used in Alberta (GOA 2018; 
HC 2017; CCME 1998); 


* evaluate temporal trends for the compiled water quality data; and 


= compare Muskeg Lake water quality data to the predictions outlined in the Кеагі 
NNLP (Imperial Oil 2007). 
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2.3 Fish and Fish Habitat Program 


The objectives of the fish and fish habitat component of the 2018 monitoring program were to: 
m continue monitoring the biological development of Muskeg Lake that was initiated upon lake filling in 2013; 


m provide the analytical benthic invertebrate and plankton data for Muskeg Lake samples collected in 2017 that 
were not available for the 2017 annual report; 


m provide the results of the 2018 monitoring program; 


m provide the summary of the development of the biological components of Muskeg Lake over its first five 
years of development (i.e., since opened to fish colonization in 2014); and 


m provide a comparison of current biological development of Muskeg Lake to Kearl Lake and other regional 
waterbodies, and to the predictions in the NNLP (Imperial Oil 2007). 


The 2018 fish and fish habitat monitoring program is a continuation of monitoring the initial biological development 
of Muskeg Lake, as identified in the long-term SWFM Plan. Monitoring of biological development began at lake 
filling in 2013 with lower-trophic levels (i.e., plankton and benthic invertebrates), while fish habitat and fish 
population monitoring was initiated with opening of the connector channel from Kearl Lake in 2014. Therefore, 
data available for the summary includes six years of lower-trophic data (2013 to 2018) and five years of fish and 
fish habitat data (2014 to 2018). 


The fish and fish habitat monitoring component is comprised of several sub-components, but the current five-year 
summary is limited to Muskeg Lake monitoring data. Summaries of the previous monitoring activities for the other 
sub-components have been provided at appropriate times during the monitoring program as follows: 


m a summary of the 2009 to 2010 sub-component to collect additional site-wide baseline data and initial HSI 
model validation data was provided in the 2011 Annual Monitoring Report (Golder 2011); 


m  asummary of the 2009 to 2013 sub-component to collect five years of baseline data for Kearl Lake was 
provided in the 2013 Annual Monitoring Report (Golder 2013); and 


m a summary of the 2011 to 2015 sub-component to collect baseline data for downstream watercourses 
(i.e., Muskeg River and Wapasu Creek) was provided in the 2015 Annual Monitoring Report (Golder 2015). 
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3.0 HYDROLOGY PROGRAM 
3.1 Hydrology Monitoring Program Overview 


Hydrology monitoring has been conducted at Kearl since 2005, with the monitoring program incorporated into the 
long-term SWFM Plan starting in 2009. There have been several changes since inception, with the current 
program consisting of four hydrometric (stream flow) monitoring stations and one climate monitoring station 
located in and around the Кеап lease (Figure 2-1). In addition to the Kearl program climate and hydrometric 
stations, there are several regional hydrometric stations in the Muskeg River and Firebag River watersheds which 
were installed and operated by either the Water Survey of Canada (e.g., Firebag River at the Mouth (070С001) 
and Muskeg River at the Mouth [07DA008]), or by RAM (e.g., Muskeg River above Stanley Creek [S5]). The 
regional hydrometric stations are discussed in Section 3.5 as part of the assessment of regional trends and Kearl 
EIA predictions. 


The 2018 hydrology monitoring program extended the streamflow record at previously-established streamflow 
monitoring stations in the Muskeg and Firebag River watersheds in and around the Kearl lease and continued the 
collection of climate data at one location in the upper Muskeg River watershed. The hydrology program consists 
of manual stream discharge and water level measurements collected four times per year, and continuous 
(datalogger) water level recordings. 


Two monitoring stations were moved during the 2018 field programs to new locations that are currently free of 
obstruction and backwater by beaver activity, which has been prolific in most of the small streams in the area. A 
summary of currently operating station locations and details is provided in Table 3-1, and station locations are 
shown in Figure 2-1. All hydrology stations now operate year-round but require seasonal calibration and 
maintenance. 


Four seasonal field visits were completed in 2018: winter (8 to 10 March), spring (14 to 17 May), summer (22 to 
24 August and 5 September) and fall (15 to 18 October). Details of the fields visits to each monitoring station are 
provided in Section 3.2. As in recent survey years, Station K10 on the Firebag River was inaccessible by Argo 
and was visited during all events by helicopter. Station K9 (Firebag River tributary) was visited by helicopter 
during the winter event and was dismantled due to ground access issues along with excessive beaver activity — 
the station was re-installed during the spring event at a more accessible location unaffected by beavers. 

Station K6 (Muskeg River tributary) was moved during the spring event due to a large beaver dam creating 
overland flow around the station. Water levels and discharges were measured at each site during all other field 
visits. Data from all hydrometric dataloggers (Constant Flow Bubbler [CFB] units) were downloaded during each 
field visit. 
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Table 3-1: Kearl Hydrology and Climate Monitoring Station Details 


Station = Watershed Area г Period of Parameters 
ID Station Name (km?) Watercourse UTM Coordinates Record () Monitorad 


Operating Stations 


2005-2013 
K6 Muskeg River 1 Muskeg River 496930 E, (seasonal) Water level and 
Upland Tributary Tributary MT-5 6354618 N 2014 to 2018 discharge 
(year-round) 
2005-2013 
K9 Firebag River 1 Firebag River 500620 E, (seasonal) Water level and 
Tributary Tributary FT-A 6367343 N 2014 to 2018 discharge 
(year-round) 
| | 2005-2013 
Finebag River 494947 Е (seasonal) Water level and 
К10 | Firebag River dé off 6371299М | 2014 to 2018 discharge 
(year-round) 


1.6 
5.8 
қ 2007-2013 
Muskeg River 182 2.” 487039 Е, (seasonal) Water level and 
Lowland 9 6362935 М 2014 to 2018 discharge 
MRR-4 
(year-round) 
Muskeg River Adjacent to Air temperature, 
C4 Watershed n/a Muskeg River on a) atmospheric pressure, 
Climate Station Tributary MT-5 rainfall 


Discontinued Stations 


Watercourse Muskeg River Watercourse 
Removed by Kearl | Tributary MT- | Removed by Kearl 
Development 12 Development 


2005-2010 Water level and 
(seasonal) discharge 


Muskeg River 
Upland Tributary 


Muskeg River 
Watershed Rain 
Gauge 


497521 E, 2009-2010 


6353768 N (seasonal) Rainfall 


(а) Period of record indicated does not include data gaps due to sensor malfunction. Seasonal refers to stations that usually collected data from 
mid-May to mid-October. 


Note: UTM = Universal Transverse Mercator Grid Coordinates, North American Datum (NAD) 1983, Zone 12; E = easting; N = northing; n/a = 
not applicable. 


3.2 Monitoring Methods 
3.2.1 Hydrometric Monitoring 


Prior to 2014, water level sensors were in place at the hydrometric stations during the open-water period and 
were removed for the winter. Permanent and more robust hydrometric stations were installed at all four 
hydrometric monitoring sites in 2014. The permanent stations remain in place year-round and consist of the 
following components: 


m  Sutron Constant Flow Bubbler (CFB); 
m Golderwatch telemetry unit; 

m protective steel case; 

m solar panel and regulator; 


m orifice line; 
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m local benchmarks; and 
m markers at each edge of the discharge cross-section. 


The type of CFB unit installed at the monitoring stations is also used by the Water Survey of Canada (WSC) and 
includes a small compressor that operates the CFB unit. The CFB unit works by forcing bubbles down an orifice 
line anchored on the stream bottom and into the stream. By comparing atmospheric pressure and the pressure 
required to force a bubble through the orifice tube, the water pressure at the tube outlet (and hence the water 
depth) can be calculated by the unit. 


The Golderwatch telemetry unit broadcasts the station data via satellite to a secure server. Data are accessed via 
a secure website and can be viewed or downloaded as required. Alarms are setup to alert the operator of 
potential problems. 


The benefits of the CFB gauge system are as follows: 
m the stations are more robust, and can be left in-place year-round (i.e., can survive ice conditions); 


m because the stations operate year-round, spring freshet can be captured without having to mobilize a crew 
and risk re-installation of the stations during unsafe conditions; and 


m  telemetry allows real-time information to mobilize staff to resolve malfunctioning station issues or to conduct 
manual measurements at required flow levels (i.e., to "fill out" the rating curve). 


A typical CFB gauge datalogger station configuration is shown in Figure 3-1. Since 2017, water level pressure 
transducers (i.e., HOBO brand loggers) have also been installed each spring for the open-water season to act as 
a back-up for each of the CFBs. 
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Figure 3-1: Typical Hydrometric Station Datalogger Configuration for a Constant Flow Bubbler 


3.2.1.1 Field Data Collection 


An electronic field form was used to collect the required hydrology field data to provide a checklist of tasks to 
complete at each station. This tablet-based form (developed using Formotus software) provides data validation 
and error checking in the field and is subsequently downloaded to the server. 


Manual flow and water level measurements were taken at each hydrometric monitoring station during each 
seasonal site visit where site conditions permitted and it was safe for field staff (e.g., measurements during high 
floods were not always possible). Water levels were surveyed at each station in relation to temporary benchmarks 
established at each location. For flow measurements, a Sontek Flow Tracker Acoustic Doppler Velocimeter (ADV) 
was used for shallow streams and a Sontek RiverSurveyor M9 Acoustic Doppler Profiler (ADP) was used for 
deeper streams that were unsafe to wade. At each station, a cross-section free of debris was chosen for the 
manual discharge measurements. The manual measurements were used to establish and update the stage- 
discharge rating curves. Rating curves were subsequently used to transform continuously recorded water level 
measurements into continuous flow estimates. 


Quality assurance (QA) and quality control (QC) procedures implemented for the hydrology monitoring program 
include the following: 


m developing and following specific work instructions for each field visit that include specific tasks and activities; 
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checking real-time water level and datalogger records using the telemetry system to verify if stations were 
operating properly prior to field visits, or if maintenance was required; 


testing instruments to verify that they are in working order before field trips; 
running QA tests on current meters that are specific to each type of meter; 


downloading recorded data during each field visit to reduce the risk of complete data loss due to instrument 
malfunction or damage to the monitoring station; 


keeping detailed field notes (using electronic forms or hard copy field books) documenting site conditions that 
may affect the quality of data collected, and equipment issues or changes to settings on the CFB gauge 
dataloggers; 


verifying that water level and flow measurements compare to the stage-discharge curve prior to accepting the 
values and leaving the sites; 


verifying that stations are running properly before leaving the sites; and 


checking for errors or missing data in recorded data as it was downloaded. 


3.2.2 Climate Monitoring 


The current climate station C4 consists of a battery-powered HOBO Onset data logging system with two 
connected sensors: a 0.2 mm tipping bucket rain gauge (TBRG) and an air temperature sensor. The TBRG 
provides information on both total rainfall and rainfall intensity. A separate volumetric rainfall gauge was installed 
to validate TBRG observations. Station C4 was originally installed in May 2011 beside the K6 hydrometric station. 
Prior to 2011, only rainfall data was collected at the Muskeg River watershed climate station (Station C3). 

Station C3 was destroyed by animals twice (in spring 2009 and fall 2010) and was consequently relocated and 
upgraded to Station C4. 
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Еїдиге 3-2: Climate Monitoring Station (C4) 


3.2.3 Data Processing and Storage 


Water level data retrieved from the CFB dataloggers were corrected to remove any potentially erroneous data and 
adjusted for minor sensor drift. If a sensor drift of more than 5 mm occurred (i.e., if there was a difference between 
the manually measured water level and the logger level), the recorded hourly interval water level data was 
corrected using the water levels manually measured during the site visit. It was assumed that sensor drift was 
linear, and thus the sensor drift correction factor for each data logger measurement was calculated using the 
difference between the data logger and the manually measured water level divided by the length of time between 
the current and previous manual water level measurements. Water level data was corrected using the 
AQUARIUS! time series software package. Stage-discharge points from 2018 were used to update the existing 
rating curve for each station using AQUARIUS. Stage-shifts were applied to the field measurements where 
necessary for each station to account for observed backwater due to vegetation growth in the channel (e.g., at 
Station K9 before it was moved farther upstream), downstream beaver activity or channel ice (e.g. at Station K10 
in fall 2018). 


1 AQUARIUS is also used by Environment Canada and the United States Geological Survey (USGS) to manage data from their hydrologic 
station networks. 
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3.3 2018 Hydrology Monitoring Results 
3.3.1 2018 Monitoring Station Overview 


А summary of 2018 flow monitoring data quality for the four hydrometric monitoring stations is provided in 

Table 3-2. А summary of the status and field observations for the ћудготе с stations and climate station in 2018 
are provided in the sub-sections below. Daily mean flows for each station are provided in Appendix |, and rating 
curves are shown in Appendix II. 


Table 3-2: Summary of 2018 Hydrometric and Climate Station Data Quality 


Quality of Rating Curve 


| Wates Level Data Field Observations 


Due to beaver activity both upstream and downstream of this station, it was 
K6 – Muskeg moved in August to a new location. Discharge records for the preceding 
River Tributary Poor / Good period were corrected using field measurements. Discharge was estimated 
MT-5 for the new station location using a preliminary rating curve extrapolated to 
higher and lower flows and water levels. 


K9 – Firebag Due to continued backwater at this station, it was dismantled in March 2018 
River Tributary Poor / Missing Data and reinstalled in May 2018 at a new location 2.6 km upstream of the 
FT-A previous one. 


The rating curve at this station is well-established and stable, however all the 
K10 – Firebag 2018 data were adjusted to the existing rating curve by the same stage 
River correction factor used in 2017, when the benchmarks were lost (the trees with 


Downstream of Excellent / Missing Data the benchmark nails at the station fell due to wind). Spring flows were usually 


Kearl quite high and had to be measured with an ADCP - future crossings of the 
river should be made using motorized boat(s). 


Beaver activity causing flooding and backwater near the station is considered 
to somewhat reduce the accuracy of the discharge results estimated using 
K11 — Muskeg the existing rating curve. The station is, however, considered to be in the best 
River in Segment | Good / Good possible location that best balances all factors, including access and beaver 
MRR-4 activity. The 2018 discharge records were corrected in Aquarius using stage- 
shifts from the established rating curve and a complete flow record is 
available for 2018. 


The air temperature sensor malfunctioned starting on 5 May 2018, but this 
was not noticed until later in the year, and the volumetric graduated rain 
gauge installed in May was damaged by wildlife. The tipping bucket rain 
gauge remained operational at the station in 2018, although data could not be 
downloaded due to communication issues in October 2018, therefore rainfall 
records are currently only available until 23 August 2018. 


C4 - Climate 
Station - Muskeg | Not Applicable 
River Watershed 


3.3.1.1 Station K6 -Muskeg River Tributary 


Monitoring of Muskeg River upland tributary МТ-5 (Station K6) has historically been challenging. Station K6 was 
moved approximately 1.3 km downstream of its original (2005 to 2010) location in 2011. Beaver activity in 2013 
required that the station be moved again in spring 2014. А Беамег dam was observed 10 m upstream of the 
station during the 2016 spring field visit, and beaver dams were present both upstream and downstream of the 
station during all 2017 field visits, resulting in backwater at the station. During both the 2017 (winter, spring, 

and fall) and 2018 (spring and summer) visits the upstream beaver dam was overflowing and there was overland 
flow around the station. Additional discharge measurements were attempted along a secondary channel caused 
by the overland flow, but due to the minimal flow and presence of vegetation, the data was not considered reliable 
and the station was moved in fall 2018 to a location approximately 200 m downstream of the last location 

(Figure 3-3). Water level data were collected from 8 February 2018 to 26 December 2018 at Station K6. 
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3.3.1.2 Station К9 – Firebag River Tributary 


Station K9 on Firebag River tributary FT-A has historically been stable and unaffected by beaver activity since 
2005. However, in 2015, the station was backwatered by a downstream beaver dam and a second dam was 
discovered directly on top of the station orifice line, requiring that the orifice line be relocated approximately 5 m 
downstream. In 2016, both dams were abandoned and in August a major beaver dam was discovered 
approximately 70 m upstream of the station, resulting in the water level dropping below the monitoring equipment. 
The Golderwatch telemetry communication unit at Station K9 was removed in 2016 due to insufficient satellite 
signal in the densely-treed area near the station. Water levels were very low in 2017 and again dropped below the 
monitoring equipment, which had been adjusted for the 2016 low water levels. During the summer 2017 visit it 
was found that the Argo access had deteriorated significantly as large trees had fallen on the path. The site was 
unreachable in the fall because of inaccessibility by Argo and high-water levels in the Firebag River that 
prevented a helicopter landing on the usually shallow riverbed. 


A helicopter was able to safely land on the ice during the winter 2018 field visit, and the station was dismantled. 
The station was re-installed during the spring visit approximately 2.6 km upstream of its original location. 


3.3.1.3 Station K10 – Firebag River 


Station K10 monitors the main stem of the Firebag River approximately 5 km downstream (north) of the Kearl 
northern lease boundary (Figure 2-1). Station K10 is located at the Kearl EIA hydrology assessment point 

called F2. This station has been hydrologically stable and unaffected by beaver activity since being established in 
2005, as is typical of a station on a large river. The station has been inaccessible by Argo since spring 2016 due 
to large fallen trees blocking the access trail - the station has been reached by helicopter since the summer 2017 
visit. During the summer 2017 visit, it was found that the station and local benchmarks had been damaged by 
fallen trees and the station was repaired and new benchmarks established. The field crew was unable to measure 
discharge during the spring 2018 field visit due to unsafe conditions from high river flows. The orifice line installed 
along the left bank (facing downstream) shifted twice in 2018: once between the winter and spring, and the 
second time just prior to the fall field visit (there was ice formation along the Firebag River in early October 2018 
due to the cold fall weather conditions) likely due to ice effects or debris entrained in the flow catching on the line. 


3.3.1.4 Station K11 — Muskeg River 


Station K11 monitors the mainstem of the Muskeg River in Segment MRR-4, located just downstream (west) of 
the northwest boundary of the Kearl lease. Beaver activity observed during previous monitoring years continued 
at Station K11 in 2018. The station was moved to an alternate location in 2013 but was moved back to the 
original (2007 to 2012) location in 2014, in both cases due to changing beaver activity. Although beaver activity 
still exists at the original location, a long-term rating curve for the location makes producing a discharge time 
series easier than at a site without an established rating curve. Beaver dams upstream and downstream of the 
streamflow station caused backwater during the summer and fall 2017 and 2018 visits and may have temporarily 
cut off flows, as very low discharge was measured during these visits. 
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3.3.1.5 Station C4 – Muskeg River Climate Station 


Climate monitoring Station СА is located in the upper Muskeg River watershed approximately 200 m upstream of 
the new K6 hydrometric monitoring station installed in 2018 on Muskeg River upland tributary MT-5. The climate 
station includes a tipping bucket rain gauge, air temperature and atmospheric pressure sensor and datalogger. 

It is not connected to a telemetry system as the hydrometric stations are. During the spring visit, a graduated rain 
gauge was installed 2 m away from the tipping bucket gauge for backup but was found to be destroyed by wildlife 
during the summer visit. The air temperature sensor also malfunctioned and may have been damaged at the 
same time. 


Climate data were collected from January to August 2018 at Station C4. Although the station is likely still 
functioning, the data for the remainder of the year could not be downloaded during the fall 2018 field visit due to 
communication cable issues and could not be included in this report. 


3.3.2 2018 Monitoring Results 
3.3.2.1 Station K6 – Muskeg River Tributary 


The 2018 surveyed water levels and measured discharges at Station K6 are presented in Table 3-3. In 2018, 
Station K6 was affected by backwater due to a beaver dam downstream of the station, as well as an upstream 
dam creating overland flow that bypassed the gauge. The station was therefore moved to a location 
approximately 200 m downstream on 24 August (Figure 3-3). Due to backwater, the 2018 manual measurements 
were not useful additions to the station rating curve and shift-corrections were required to correct discharge time 
series records to the measured discharge values. 


A new preliminary rating curve was created for this station based on the two measurements at the new location in 
August and October 2018, and this rating curve will be improved on in future monitoring years. Discharge was 
estimated by assuming a rating curve through the two measured values with a formula extended to higher and 
lower water levels using a linear equation. See Section 3.4.1.1. for rating curve details for the historical record at 
this station. Water level and discharge results for 2018 are provided in Figure 3.4. Redundant water level 
measurements were recorded during the open-water period with a HOBO logger, which agreed very well with the 
CFB stage values for the coincident period of record, and these data were used to fill the gap in the CFB data that 
occurred due to a battery connection problem. The change in station location is evident in Figure 3-4 on 

24 August when the water level records shifted downward and a new preliminary rating curve was used to 
estimate discharge thereafter. 


Table 3-3: Water Level and Discharge Measurements at Station K6, 2018 


Surveyed Water Level Measured Discharge 


(m) (m?ls) Field Observations 


Manual discharge and water level measured 
98.721) 0.0018 under ice. Ice shelf frozen 20 cm above water 
level. 


10 March 
(old location) 


Manual water level surveys performed. Flows 
were relatively high for this site; however, the 
current meter malfunctioned and no reliable 
discharge reading was obtained. 


24 August Manual discharge and water level surveys 
9 0.0006 

(new location) | репогтед. 

18 October 0.0142 Manual discharge and water level surveys 

(new location) | репогтед. 


(а) Water levels affected by backwater from beaver activity downstream and overland flow from upstream dam. 
Note: m = metres; m?/s = cubic metres per second 


17 May 
(old location) 


98.995(2) No measurement 
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Ғідиге 3-4: Water Level and Discharge Results for Hydrometric Station K6, 2018 
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3.3.2.2 Station К9 – Firebag River Tributary 


Station K9 was determined to no longer be accessible by Argo due to a large number of fallen trees on the access 
route and inaccessible by helicopter without safe ice or low river water levels. In addition, a large beaver dam 
located approximately 70 m upstream of the station reduced the water level at the station to a point that was too 
low for the equipment to measure. Therefore, Station K9 was removed during the 2018 winter visit (8 March), 
when a helicopter was able to land on safe ice near the site, so that the station could be relocated in the spring, 
once the ground thawed sufficiently to allow re-installation. The Golder Watch telemetry unit at this station was 
previously removed in 2016 due to the inability to transmit a signal through the thick vegetation cover. In spring 
2018, Station K9, including the СЕВ and telemetry unit, was re-installed during the spring field visit at a location 
approximately 2.6 km upstream of the original site, where the new site is accessible by Argo or helicopter 

(Figure 3-5). As of fall 2018, no beaver activity has been observed at the new location. 


A battery issue occurred at Station K9 shortly after the 2018 spring field visit that resulted in no СЕВ data being 
stored, and caused a data gap from 12 June to 23 August. The HOBO logger that was installed as a backup was 
also found to have problems when data were downloaded during the fall field visit, thus this logger could not be 
used to fill the data gap. 


The surveyed water level and measured discharge data for Station K9 are presented in Table 3-4. No 
measurements were taken during the winter event due to issues at the old station location. The 2018 hydrograph 
is provided in Figure 3-6. Stage-discharge rating curves for the period of record including 2018 are provided in 
Section 3.4.1.2. 


Table 3-4: Water Level and Discharge Measurements at Hydrometric Station K9, 2018 


D Surveyed Water Level Measured Discharge 
ate 3 
(m) (т-/в) 


8 Магсһ not measured not measured 


n May 99.401 0.0591 
(new location) 
24 August 99.315 0.0112 
(new location) 
15 October 99.393 0.381 
(new location) 


Note: m = metres; m?/s = cubic metres per second 


Station dismantled for relocation. 


Installed CFB hydrometric station at new location, 
manual discharge and water level surveys 
performed. 


Manual discharge and water level surveys 
performed. 


Manual discharge and water level surveys 
performed. 
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Figure 3-5: Hydrometric Station К9 Reinstalled at the New Location оп 16 May 2018 
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Figure 3-6: Water Level and Discharge Results for Hydrometric Station K9, 2018 


3.3.2.3 Station K10 – Firebag River 


Station K10 became inaccessible by Argo after the March 2016 visit. Visits to this station resumed in August 2017 
when helicopter use was granted on site. All visits in 2018 were completed by helicopter, although the summer 
visit was delayed because the helicopter was grounded due to weather conditions during the regular visit. An 
aerial photograph of the monitoring location during ice-covered conditions is shown in Figure 3.-7. 


During the spring event, the station had to be repaired because the orifice line was snapped near the bubbler 
station, likely by ice carrying the end of the orifice line away during the spring melt. During the fall visit in October, 
it was found that ice pans had formed during an early freeze-up and had dislodged the end of the orifice line again 
and it was moved approximately 20 m downstream of its original location. The water level data in 2017 were 
shifted upward by 0.35 m to match the previous rating curve and the new benchmark elevation established. The 
2018 water level records and stage survey results were also corrected upward by the same amount to provide 
stage results that tie into the previous year. Notwithstanding the periodic challenges at this station, it remains the 
most reliable of the four monitoring stations and is considered to provide reliable data in most years. 


The surveyed water level and measured discharge data are presented in Table 3-5. Stage-discharge rating data 
for 2018 are provided in Appendix Il. Water level and discharge results are provided in the hydrograph 
(Figure 3-8). 
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Table 3-5: Water Level and Discharge Measurements at Нудготе с Station K10, 2018 


Measured 
Discharge Notes 


Surveyed Water 


Date (2018) Level Corrected Stage 


(т) (т) (m*/s) 


8 March Add 0.35 m 4.542 Manual discharge and water level surveys 
performed under ice conditions 


Unable to measure discharge due to high flow 
14 May Add 0.35 m not measured | conditions and resulting safety issues, manual 

water level survey completed 

Manual discharge and water level surveys 


15 October 96.762 Add 0.35 m 11.495 Manual discharge and water level surveys 
performed 


Note: m = metres; m?/s = cubic metres per second 


Figure 3-7: Aerial Photo of Hydrometric Station K10, 8 March 2018 
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Figure 3-8: Water Level and Discharge Results for Hydrometric Station K10, 2018 


3.3.2.4 Station K11 – Muskeg River Lowland 


Manual flow and water level measurements were taken at Station K11 during the four seasonal site visits. 
However, flows during the winter, summer and fall field trips were very low, despite water levels that were close to 
or higher than the spring visit (Figure 3-9), indicating potential issues with water impounded by downstream 
beaver dams. There has typically been a lot of beaver activity along the entire river reach and this was observed 
again at Station K11 in 2018. Due to beaver activity and dams both upstream and farther downstream of the 
station, it is unlikely that moving the station will result in a better monitoring location at this time. Therefore, the 
decision was made to retain the current location and to continue to monitor the beaver activity, while making shift 
corrections in the rating curve to account for backwater from the downstream dams. 


The surveyed water level and measured discharge data are presented in Table 3-6. Stage-discharge rating 
curves for the period of record (including 2018) are provided in Appendix II. Stage and discharge results for 2018 
are provided in the hydrograph (Figure 3-10). Discharge records were corrected for 2018 using stage shifts to 
measured stage and discharge values and the corrected values are considered adequate to represent flow 
conditions from 15 May to 17 October. The daily mean peak flow was 2.1 m?/s and occurred 5 May during spring 
freshet. 


Table 3-6: Water Level and Discharge Measurements at Hydrometric Station K11, 2018 


Surveyed Water Measured Discharge 
Level (m)? (mÿ/s) 


0.0006 Manual discharge and water level surveys performed. 


Date Notes 


1.23 


(а) Water levels backwatered throughout 2018 by beaver activity. 
Note: m = metres; m?/s = cubic metres per second 
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Figure 3-9: Photo of Flooding at Hydrometric Station K11, 17 October 2018 
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Figure 3-10: Water Level and Discharge Results for Hydrometric Station K11, 2018 
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3.3.2.5 Station C4 – Muskeg River Watershed Climate Station 


Climate Station C4 is located in the Muskeg River watershed upland area beside Muskeg River upland tributary 
MT-5 (Figure 2-1). The station was placed in a location that is considered representative of upland areas. Climate 
Station C4 was operational throughout the 2018 monitoring season but malfunctioning cables did not allow for the 
station data to be downloaded during the fall field visit so that data is currently available until 23 August. In 
addition, a graduated rain gauge was installed at the station in spring 2018 to provide a total volume of 
precipitation over time between field visits (this would provide a comparison with the total TBRG results); 
however, it was found destroyed during the summer field visit. The temperature sensor began presenting 
unrealistic temperature readings in April 2018 and therefore the data was not for the rest of 2018. The plots of 
daily mean precipitation and daily mean air temperature for 2018 are presented in Figure 3-11. 
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Figure 3-11: Air Temperature and Precipitation Records for Climate Station C4, 2018 


3.4  Kearl Hydrology and Climate Data Summary 
3.4.1 Hydrology Monitoring Data 


Historical data collected for the Project hydrology monitoring stations are provided in this section. Results include 
the following: 


m summary of field monitoring conditions at the hydrometric stations over the period of record; 
m summary of annual and monthly flow statistics; and 
m discharge hydrographs for each station for the available period of record. 


A summary of annual and monthly streamflow results for the Kearl hydrology monitoring stations is provided in 
Table 3-7. Hydrographs for the available records are provided in Figures 3-12 to 3-15. Daily mean flows for each 
station are provided in Appendix |, and rating curves are shown in Appendix ||. 
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Table 3-7: Summary of Open-Water Period Flow Statistics at the Hydrometric Stations 


Mean Discharge K6 Muskeg River K9 Tributary of Е + ar (b) K11 Muskeg River 
Statistics (m?/s) Upland Tributary Firebag River K10 Firebag River Lowland 


2012 to Present 2012 to Present 2008 to Present 2012 to Present 


0.001 No data 
0.074 
0.098 


0.091 0.038 23.104 
0.016 0.046 10.086 


Period of Record 
Included @) 


February 


C 
D 
5 
с 
© 
< 


Меап Аппиа! 0.061 0.054 13.093 0.457 

(% of record complete) | (83% complete record) | (38% complete record) | (91% complete record) | (70% complete record) 
Mean Open-Water 

Season 0.081 0.055 17.625 0.650 

(April 15 – Мом 14) 

Mean Ice-Covered 

Season 5.375 0.055 

(Nov 15 — Apr 14) 


(а) Prior to 2014, when the CFB systems and telemetry were installed for the hydrometric stations, the Кеап hydrology stations only monitored 
water levels and discharge during the open-water season, although field discharge measurements occurred in March each year. 

(? Statistics for Station K10 are based on discharge observed at Station K10 and also derived from RAM Station S43 and 527, in order of 
preference, for the periods that data are missing at Station K 10. 


October 


um | om | 
uw [ов | 
мән” | os 
september — | 05 _ 
oue [ош 
Мәнін” | оол | 


3.4.1.1 Station K6 – Muskeg River Tributary 


Stage and discharge results for Station K6 (Muskeg River tributary MT-5) along with field measurements are 
provided in Figure 3-12. The station became backwatered in summer 2016 and remained that way until it was 
moved in spring 2017 to a new location. Flows in 2015, 2017 and 2018 were relatively low compared to flows 
in 2014. Maximum daily mean discharge was 0.62 m?/s observed in spring 2014. Although higher flood events 
likely occurred in 2012 in response to heavy rainfall events in July and September, the magnitude of peak flows 
can not be verified as it is an extrapolation beyond the rating curve. 
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Figure 3-12: Stage and Discharge Results for Station K6, 2012 to 2018 


3.4.1.2 Station K9 — Firebag River Tributary 


Stage and discharge results for Station K9 (Firebag River Tributary FT-A) along with field measurements are 
provided in Figure 3-13. The original station that was located near the watercourse mouth became backwatered 
in 2017 and was moved in spring 2017 to a new location 2.6 km farther upstream. Therefore, the stage values 
in 2018 represent a new gauging location. Maximum daily mean flow was 0.28 m?/s observed in spring 2018. 
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Figure 3-13: Stage and Discharge Results for Station K9, 2012 to 2018 
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3.4.1.3 Station K10 – Firebag River 


Stage and discharge results for Station K10 on the Firebag River along with field measurements are provided in 
Figure 3-14. А year-round record was derived for this station based on incorporating recorded flows at two other 
stations along the Firebag River. The discharge results for the years 2008 to 2018 are included in Section 3.5.2.2 
of this report, as this station coincides with the location of Kearl EIA assessment node F2. The maximum daily 
mean discharge was 76.4 m3/s during spring freshet on 2 June 2014, and a similar sized event occurred in 
September 2012. 
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Еїдиге 3-14: Stage and Discharge Results and Field Measurements for Station K10, 2008 to 2018 


3.4.1.4 Station K11 – Muskeg River 


Stage and discharge results for Station K11 (Muskeg River lowland) along with field measurements are provided 
in Figure 3-15. The station has been periodically backwatered by beaver dam activity that has occurred both 
upstream and downstream of the station. Beaver dams upstream of the station have occasionally reduced water 
levels recorded at the station. Peak daily discharge during the 2013 spring flood was estimated to be just below 
6.0 m?/s. Muskeg River flows were generally low between 2015 and 2017, although the spring peak flow іп 2017 
was moderate. Flows were generally higher than average in 2012 to 2014. 
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Figure 3-15: Stage and Discharge Results for Station K11, 2012 to 2018 


3.4.1.5 Climate Monitoring Data 


Air temperature and daily total rainfall from the TBRG at Station C4 are provided in Figure 3-16 for each year of 
record (2011 to 2018). Prior to 2011, rainfall only data were collected at Climate Station C3, with limited data 
available in 2010 (Figure 3-17). 
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Note: Climate data was not available in 2015. 


@ Climate monitoring station C4 was established іп 2011 and was upgraded to collect both rainfall and air temperature data. No air temperature 
was collected before 2011. See Figure 3.3-6 for the 2010 rainfall data from climate station C3. 


Figure 3-16: Climate Station C4 Air Temperature and Precipitation Data, 2011 to 2018 
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Figure 3-17: Climate Station C3 Precipitation Data, 2010 


Cumulative rainfall amounts monitored at Kearl Climate Station C4 are shown in Figure 3-18 for the years 2011 to 
2014 and 2016 to 2018. The years 2013 and 2018 only have partial data but the other years have a nearly 
complete record from 1 May to 31 October and provide a good representation of total rainfall amounts. The TBRG 
results would not provide accurate precipitation amounts in winter as the gauge is not designed for measuring 
snowfall amounts. 
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Figure 3-18: Kearl Climate Station C4 Cumulative Daily Total Rainfall Amounts (1 May to 31 October), 2011 to 
2018 


Total seasonal rainfall at Kearl Station C4 is compared with total annual precipitation at a nearby RAM climate 
station (Aurora Station C1), which is about 20 km southwest of Kearl Station C4. The total rainfall amounts at 
Kearl C4 are about 75% of the total precipitation for the hydrological year at RAM Station C1 for the coincident 
period of record (Figure 3-19) (only the complete seasonal records are shown in Figure 3-18, therefore 2013 and 
2018 were left out). Mean precipitation at RAM Station C1 was 361 mm, and years with higher than average 
precipitation include 1999 to 2003, 2005, 2012 to 2014, and 2016. 
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Figure 3-19: Total Precipitation at RAM Station C1 (Hydrological Year) Compared with Seasonal Total Rainfall 
Amounts at Kearl Station C4 


3.4.1.6 Kearl Field Data Summary 


Historical water level and discharge data collected in the field at each station, as well as observations of the 
station conditions during the field visits are provided in Tables 3-8 to 3-11. 


Table 3-8: Historical Field Measurements at Hydrometric Station K6 — Muskeg River Tributary, 2012 to 2018 


Measurement Discharge Water Level 
Date [m?/s] Elevation(? (m) 


2012-05-09 0.045 
2012-10-17 98.842 


n/a 
2013-04-17 


Station Conditions 


Channel frozen to the bottom. 


Monitoring station installed. 

Discharge and water levels surveyed. 
Evidence of extreme flows on channel floodplain. 
Channel frozen to the bottom. 
Channel frozen to the bottom. 


n/a 


98.9 Open water. 
2013-10-17 Evidence of beaver activity affecting the channel. 
| o0 | n No flow, frozen to bottom. 
98.372 
| 20140815 | 0.005 | 98028 [Verylowflowrate. |р» | 


| 
| 0 | попе [No flow, frozen to bottom." | 
| 0 | 98/16 [№ flow, frozen except for 0.1 m water ен. | 
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Table 3-8: Historical Field Measurements at Hydrometric Station K6 – Muskeg River Tributary, 2012 to 2018 


Measurement Discharge Water Level 


Date [т?з] ^ Elevation? (m) eked tha ey 


2016-06-27 0.051 98.595 Manual discharge and water level surveys performed. 
Manual discharge and water level surveys performed - Water levels 
20910-08720 0002 98:809 affected by backwater from beaver activity downstream. 
TN Manual discharge and water level surveys performed - Water levels 
201071026 0:005 Ө ЭЛӘ affected by backwater Кот beaver activity downstream. 


Manual discharge and water level measured under ice. Secondary 
2017-04-06 0.101 98.977 discharge measurement at main overland flow channel, included in 
discharge total. 
Manual discharge and water level surveys performed. Attempted secondary 
0.0202 : 


2017-05-20 98.959 discharge at main overland flow channel (-0.0240 m?/s), not included in 
discharge total. 

2017-08-29 Manual discharge and water level surveys performed. No overland flow. 

Manual discharge and water level surveys performed. Secondary discharge 

measurement at main overland flow channel, included in discharge total. 

Water levels affected by backwater from beaver activity downstream and 

overland flow from upstream dam throughout 2017. 

Manual discharge and water level measured under ice. Ice shelf frozen 20 

2018-03-10 cm above water level, Water levels affected by backwater from beaver 

activity downstream and overland flow from upstream dam. 


2018-05-17 Not 98.995 Manual water level surveys performed. Water levels affected by backwater 
(old location) measured ` from beaver activity downstream апа overland flow from upstream дат. 


о 0.0006 98.406 Manual discharge and water level surveys performed. 


2018-10-18 0.0142 98.585 Manual discharge and water level surveys performed. 
Water level elevations were tied to a temporary benchmark elevation of 100 m. 
Note: n/a = data not available. 


2017-10-23 
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Table 3-9: Historical Field Measurements for Hydrometric Station K9 – Firebag River Tributary, 2012 to 2018 


Measurement Discharge Water Level 
Date [m?/s] Elevation? (m) 


2012-08-16 | па | та | 
2012-05-10 0.593 98.406 
n 
n 


Station Conditions 


Channel frozen to bottom. 

Open water, monitoring station installed. 
Open water. 

Open water. 

Poor road conditions prevented site access. 
Poor road conditions prevented site access. 
Open water. 

Open water. 

Frozen to bottom, no flow. 

Hobo unit installed. 

CFB unit installed. 

Hobo unit removed. 


Very low flow under ice, unmeasurable - flow estimated due to unsafe ice 
conditions. 


Manual discharge and water level surveys performed. 
Manual discharge and water level surveys performed 
Manual discharge and water level surveys performed - new beaver dam 


a 
2012-07-19 0.062 98.386 
2012-10-17 98.493 

a 

a 

a 


n/ 
n/ 


2013-04-01 | na | 
2013-07-25 0.077 98.429 
2013-10-17 0.083 98.505 


2013-03-01 


| ma | 
5 | 0083 | 
| 20140316] 0 | na | 


2015-03-13 0.005 98.276 


2015-05-23 0.033 98.709 


2015-07-23 0.029 98.704 
2019-31-14 So 30:669 discovered at station location. 


2016-03-17 | 0 | 98461 Standing water under-ice, no flow. 
2016-06-29 | 0 | notmeasured | Water ponding at different levels, no flow. 


la 
Ја 
Ја 


2016-08-19 0.011 98.16 Manual discharge and water level surveys performed. 


2016-10-25 0.063 98.324 


Manual discharge and water level surveys performed, Station was 
backwatered from beaver activity throughout 2016 


Manual discharge and water level measured under ice. 


Manual discharge and water level surveys performed, discharge 
measurement poor due to limited flow (0.1 m depth), Station water level 


2017-08-31 0.064 98.07 

was inhibited due to upstream beaver activity throughout 2017. 

Built and launched station at new location, manual discharge and water 
2018-05-16 0.0591 99.401 level surveys performed. 


2018-08-24 0.0112 99.315 Manual discharge and water level surveys performed. 
2018-10-15 0.381 99.393 Manual discharge and water level surveys performed. 


Water level elevations were tied to a temporary benchmark elevation of 100 m. 
Note: n/a - data not available. 


2017-03-31 0.0309 98.362 
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Table 3-10: Historical Field Measurements at Hydrometric Station K10 – Firebag River, 2012 to 2018 


Measurement Discharge Water Level 
Date [m?/s] Elevation(? (m) 


2012-03-16 omplete ice cover. 

2012-05-09 onitoring station installed. 
2012-07-18 Open water. 
2012-10-16 Open water. 


Station Conditions 


2013-03-01 Unsafe trail conditions prevented the crew from reaching the site. 


2013-04-18 NON 97.661 Monitoring station installed, complete ice cover, ice too thick for 
measurement. 


n la 

n 

2013-07-24 Bad road conditions prevented the crew from reaching this site. 

2013-10-18 97.311 Open water, logger found on shore. 

2014-03-16 5.094 97.521 Ice cover measurement. 

2014-05-06 97.911 Conditions unsafe to perform measurement. 

2014-08-12 96.89 CFB unit installed. 

2014-10-21 12.656 97.032 Hobo unit removed. 

2015-03-14 97.319 Manual discharge and water level surveys performed. 

2015-05-26 115 97.079 Manual discharge and water level surveys performed - orifice line 
reattached to orifice block on stream bottom. 

2015-07-01 The crew could not access the site. 

2015-11-17 97.086 Partial ice cover measurement. 


2016-03-18 4.243 97.357 Manual discharge and water level surveys performed. 


2017-08-28 6.8413 96.87 Station repaired, new benchmark established, manual discharge and water 
level surveys performed. 


2017-10-26 15.92 97.06 Manual discharge and water level surveys performed. 


2018-04-08 4.5417 96.965 Manual discharge and water level surveys performed under ice conditions. 


2018-05-14 "m 97.087 Unable to measure discharge due to high flow conditions, manual water 
level survey completed. 


2018-09-05 Manual discharge and water level surveys performed. 
2018-10-15 11.4954 Manual discharge and water level surveys performed. 


Ја 
Ја 
Ја 
Ја 
Ја 
.3 

a 


(Water level elevations were tied to a temporary benchmark elevation of 100 m. 
Note: n/a = data not available. 
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Table 3-11: Historical Field Measurements at Hydrometric Station K11 – Muskeg River, 2012 to 2018 


Measurement Discharge Water Level 
Date [m?/s] Elevation?) (m) 


2012-03-14 
n a 


Station Conditions 


Ice conditions unsafe to measure discharge. 
Monitoring station installed, malfunction of measurement gear. 


-03- Ја 
2012-05-10 | 0 | 9897 
2012-07-18 99.423 
An. ја Water level too deep to safely wade, increased beaver activity, logger 


missing. 
2013-03-14 0.087 99.654 Ice cover discharge measurement taken at the original site. 


Ice measurement, station moved to new location and benchmarks 
2013-04-19 established. 


Not measured, area flooded and water too deep to wade. 
Not measured, area flooded and water too deep to wade. 
Ice cover measurement. 

ADP measurement. 


2013-07-24 
2013-10-17 
2014-03-14 


98.866 
99.607 


2015-05-22 0.449 99.179 Manual discharge and water level surveys performed 


2015-07-20 99.457 нао discharge and water level surveys performed - new beaver дат 


2015-11-15 99.489 Ice conditions, unsafe to perform measurement. 
2016-03-15 0.023 99.169 Manual discharge and water level surveys performed. 
2016-06-28 99.463 Manual discharge and water level surveys performed. 


2016-08-21 Fr 99.221 Жойкын discharge and water level surveys performed - new beaver дат 


2016-10-24 0.57 99.379 Manual discharge and water level surveys performed 
2017-04-05 0.4245 99.195 Manual discharge and water level surveys performed 
2017-05-15 0.8284 99.322 Manual discharge and water level surveys performed 


2017-09-01 -0.0631 99.193 Manual discharge and water level surveys performed - impounded water 
2017-10-24 0.0272 99.239 


2018-04-09 0.0006 99.198 Manual discharge and water level surveys performed 
2018-05-15 99.485 Manual discharge and water level surveys performed 
2018-08-22 | 0.06 | 99447 [Manual discharge and water level surveys performed 


/a 
2018-10-17 0.16 99 72 Manual discharge and water level surveys performed. Water levels affected 
by beaver activity throughout 2018. 


(‘Water level elevations were tied to a temporary benchmark elevation of 100 m. 
Note: n/a- data not available. 


with negative flow, not included in rating curve. 

Manual discharge and water level surveys performed — impounded water 
with insignificant flow, not included in rating curve. Water levels affected by 
beaver activity throughout 2017. 
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3.5 Evaluation of Regional Flow Trends and Comparison to Kearl EIA 
Predictions 
3.5.1 Introduction 


This section presents an analysis of trends in hydrologic parameters (flow and water levels) and a comparison 
with these parameters as presented in the Kearl EIA (Imperial Oil 2005) Application Case for the 2007 snapshot. 
At the time of writing, the EIA snapshots represent primarily a reference point for the analysis, since they were 
intended to reflect mining conditions that are currently over 10 years in the past. The 2007 snapshot is used as 
the next snapshot presented in the EIA is the year 2044, and therefore reflects development conditions that are 
not considered relevant to the measured data contained in this report. 


The regional data presented in the section are from selected RAM stations, the Kearl hydrology monitoring 
program, and WSC stations. The hydrologic parameters presented in the Kearl EIA Application Case were based 
on simulated flows using Hydrological Simulation Program - Fortran (HSPF) model. The long-term flow statistics 
of recorded water levels and flows at selected RAMP hydrometric stations are also summarized. 


The Kearl EIA includes the Kearl development along with other existing and approved projects. The mine 
development schedules for these projects as presented in the Kearl EIA are shown in Table 3-12. 


Table 3-12: Mine Development Schedules for Kearl EIA Application Case Projects 


Aurora North Aurora South Jackpine Muskeg Kearl 
Mine Mine Mine -Phase1 River Mine Project 


Mine Activity 


The actual schedules of some of the projects are not the same as what were assumed in the Kearl 

EIA (Imperial Oil 2005), hence, some of the differences between the results of model predictions and the 
monitoring data are attributed to the difference in the assumptions used during the Kearl EIA assessment 
regarding the various project schedules. For example, constructions of the Kearl and Aurora South Mine were not 
initiated in 2007 and 2008, respectively, and development of Jackpine Mine Phase 1 has been slower than 
expected. 
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3.5.2 Evaluation Methods 
3.5.2.1 Flows and Water Levels Predicted in the Kearl EIA 


The Kearl surface water hydrology Е!А focused on addressing changes in flows in the watercourses downstream 
of Kearl (Muskeg River and Wapasu Creek) and changes in water balance of Kearl Lake. 


The effects of the Project on hydrologic conditions in the receiving watercourses and waterbodies vary in time and 
space. The major project activities that affect the hydrologic conditions include muskeg drainage, overburden 
dewatering, closed-circuit areas and stream diversions. To date, the overburden dewatering has not contributed to 
water released to the Muskeg River watershed. 


The continuous HSPF model was used to derive simulated flows series for streams in natural, disturbed and 
reclaimed areas. Flow statistics for the local streams and lakes was derived based on simulated flows from 1954 
to 2003. 


The sources of climate and hydrologic data used to complete the assessment include the following: 


m {һе climate data used to develop the HSPF model were obtained from the Atmospheric Monitoring Division of 
Environment Canada (EC) and Alberta Environment and Sustainable Resources Development (AESRD); 


m additional short-term climate data were obtained from the Aurora Climate Station C1, which is operated by 
RAM; and 


m stream flow data required for the HSPF model validation study were obtained from RAM and the Water Survey 
Division of Environment Canada (WSC). 


The Kearl EIA assessment nodes used for comparison against measured regional flow data include the following 
(Figure 3-20): 


m Node M1: Muskeg River downstream of Kearl (relative to the Project Case for the Year 2007); 

m Node M3: Muskeg River at the mouth (relative to the Potential Development Case for the Year 2007); 
m Node W1: Wapasu Creek at the mouth (relative to Project Case for the Year 2007); 

m Моде K1: Kearl Lake (relative to Project Case for the Year 2007); and 


m Моде F2: Firebag River downstream of Kearl (relative to Project Case for the Year 2007). 


i» GOLDER 36 


000057 


Version: 3 


A-PSTD 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
delalorsurracces а information 


McClelland | 
Lake 


074-0050-315- 242 01 


а 
< 
© 
2 
5 
< 
a 
ш 
О 
2 
< 
т 
o 
a 
< 
5 
2 
< 
= 
о 
ж. 
о 
= 
Е 
а 
а 
а 
< 
о 


Mills 2 
Creek 


Existing Road 

Kearl Approved Project Area 

Habitat area affected 

RAM Climate or Rainfall Station 

Imperial Oil Climate Station 

Environment Canada Hydrometric Station 
RAM Hydrometric Station 

Imperial Oil Hydrometric Station 

Е!А Assessment Моде 


0 


Kilometres 


IOR: Map No. 074-0050-315- 242 01 
IMPERIAL OIL USE ONLY 


Ja 
Imperial 


KEARL - MINING 
ASSESSMENT NODES CONSIDERED FOR THE KEARL EIA 
AQUATICS SITE LOCATIONS MAP 


PROJECTION | марез | UM CONTRACTOR NAME ICONTRACTOR DRAWING NUMBER 
DRAWN | CHECK | woes | APPR. | DATE SCALE ТОК DRAWING NUMBER REV 


Filename: L:\IMPERIAL_OIL\KEARLMINING\181 10265\02_PRODUCTION\100\DWG\18110265_100-HS-0002.DWG User ID: BMCDONALD Plot date/time: March 25, 2019 - 9:41am 000058 


де la Loi sur Гассе 


March 2019 18110625 


3.5.2.2 Trend Detection and Comparison to EIA Predictions 


To evaluate the potential impacts of Kearl development, hydrologic statistics from measured flows at regional 
stations were visually evaluated for trend and, where relevant, compared against statistics for modelled flows at 
the five Kearl EIA assessment nodes listed in the previous section. The statistics used in the comparison were as 
follows: 


m mean annual discharge (or water level) - average, low, and high; 


m mean open-water season (mid-April to mid-November) discharge (or water level) — average, low and high; 
and 


m mean ice-cover season (mid-November to mid-April) discharge (or water level) — average, low and high. 
The terms "average, low and high” in the list above refer to the following. 


m Average: the long-term mean of the statistic, averaged over the 50 years of simulation (1954 to 2003) of the 
HSPF model. 


m  Low:the smallest value in the 50 individual years of simulation (e.g. for the open-water season mean, the 
smallest value in the fifty value time series of open-water season mean). 


m  High:the largest value in the 50 individual years of simulation. 


Visual evaluations of potential trends in the annual flow series were used rather than statistical measures because 
of the relatively small number of data in each time series and the significant year-to-year scatter in the data. In 
Such cases, the confidence limits on slope lines are too large to provide meaningful estimates of the "actual" 
trend. 


Section 3.5.3 present the results of the flow assessment for each regional flow station listed in Table 3-13 relative 
to the five Kearl EIA assessment nodes. In some cases, there is a measured flow or water level station at or very 
near the assessment node. For some watercourses, however, the assessment node is located relatively far away. 
In such cases, annual measured data statistics are pro-rated based on drainage area to allow for comparison to 
the EIA prediction. 


Some of the differences in annual mean discharge are attributed to the assumptions used during the Project EIA 
assessment regarding the schedule of Kearl, Aurora South Mine and Jackpine Mine Phase 1 as described in 
Section 3.5.1. 


Table 3-13: Kearl or RAM Hydrometric Station Details Compared to Kearl EIA Assessment Nodes 


Station Number Station Name Watershed Area (km?) TUERI Period of Record 


K10 (EIA node F2) Firebag River downstream of 3.410 

Kearl 
S10A (upstream of EIA Wapasu Creek downstream 91.2 
Node W1) of Kearl (106 at EIA node W1) 
L2 (EIA Node K1) Kearl Lake 484856 E, 6351061 N 
S7 WSC (upstream of EIA | 1,283 
поде МЗ) Muskeg River Mouth (1,485 at EIA node M3) 465408 E, 6338944 N 
S5 (downstream of EIA А 410 
Моде М1) Muskeg River (244 at EIA node M1) 479820 E, 6356551 N| 2003 - present 


Note: Kearl Station K11 is close to the Е!А node М1 on the upper Muskeg River, however it does not include flows from ап unnamed tributary 
northeast of the Muskeg River. 


494947 E, 6371299 М| 2007 - present 


488573 E, 6358554 М| 2001 - present 


1989 - 1990 and 
1999 - present 


1974 - present 
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3.5.3 Evaluation Results 
3.5.3.1 Annual Time Series 
Firebag River Downstream of Kearl 


The Kearl project was predicted to have negligible effects on the Firebag River at Node F2, and that station may 
therefore be used in as a reference for year-to-year natural variability. 


The Firebag River is monitored at Kearl hydrology station K10 (drainage area 3,410 km?). Kearl EIA predictions 
were provided at assessment node F2 (i.e., at the same location). A downstream gauge (RAM Station 27, 
drainage area 5,959 km?) and upstream RAM hydrometric Station 43 above Suncor Firebag (drainage area 

3,300 km?) were used to derive a flow record for K10 for the period 1 March 2008 to 31 October 2018. The 
measured data had many gaps which were infilled by prorating the flows based on drainage areas from Station 43 
as the first priority, and secondly at Station 27. The resulting measured and derived 11-year streamflow record for 
K10 is shown in Figure 3-21. A few gaps remain in the record over the winter of 2008 to 2009, winter of 2009 to 
2010, and a few winter months in 2018 as none of the stations had data available for these periods. 


Annual and monthly flow statistics from the 11-year flow record shown in Figure 3-21 are also summarized in 
Section 3.5.3.2 — Table 3-14. Annual mean, annual open-water mean, and annual ice-covered mean discharge 
values for Station K10 for 2008 to 2018 are shown in Figure 3-22. As shown in the figures, 2013 stands out as the 
highest flow year on record for the Firebag River at the mouth (RAM Station S27). The daily mean flood peak of 
373 т3/5 that occurred 15 June 2013 was the highest on record since 1971 for the Firebag River Mouth. Flows on 
the Firebag River at all monitoring locations were relatively low in 2010 and 2011, and also between 2015 and 
2017. 
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Ғідиге 3-21: Measured Flows at Кеагі Hydrology Station K10 оп the Firebag River from 2008 to 2018 Compared to 
Flows at Station S43 and Pro-rated Flows from Station S27 


i» GOLDER 39 


000060 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


March 2019 18110625 


30 
== Open Water Average K10 


25 > —e—Annual Average K10 
——|ce-Covered Period 
20 ec Average K10 


Mean Annual Discharge (m?/s) 


“м 
10 
фи 
5 лк SORES ean НЕЙ Le — ~ --. 2 
“” = 3 
0 
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 
Figure 3-22: Measured and Derived Mean Annual and Seasonal Flows at Station K10 on the Firebag River, 2008 to 


2018 


Wapasu Creek Downstream of Kearl 


The EIA did not predict any changes to Wapasu Creek at Node W1 due to the Project ог the year 2007; although 
increased flows were predicted later during the period of operation (e.g., year 2044) due to muskeg drainage and 
overburden dewatering. To date, there are no changes to Wapasu Creek watershed. As no changes are expected 
at this time, only the measured data for a relatively new hydrometric station located near the mouth of Wapasu 
Creek is shown. The daily mean hydrograph for Station S10A is shown in Figure 3-23. Annual mean and seasonal 
mean flows for Station S10A are provided in Figure 3-24. As shown in the figures, 2013 stands out as the highest 
flow year on record for this station with a peak daily mean flow of just over 18 m?/s оп 16 June 2013. Flows were 
relatively low for 2015, 2016 and through to March 2017, even though local precipitation amounts for 2016 were 
above average at RAM Climate Station C1. Rainfall at Kearl Climate Station C4 in 2016 was close to average. 
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Figure 3-23: Measured Mean Daily Flows at Station S10A оп Wapasu Creek, August 2012 to March 2017 
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Figure 3-24: Measured Mean Annual and Seasonal Flows at Station S10A on Wapasu Creek, August 2012 to 
March 2018 
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Кеап (аке 


Flows to Kearl Lake were not expected to be affected by the Kearl project. The lake is of interest primarily 
because Muskeg Lake (which has a much smaller surface area but is deeper than Kearl Lake) was constructed 
adjacent to the lake and the two waterbodies connected by a channel in 2014. Water was pumped Кот Кеап 
Lake to fill Muskeg Lake between 2010 and 2013. Given the relatively large size of the channel connecting Kearl 
and Muskeg lakes, it is expected that water levels in the two lakes are virtually identical. The surface area of Kearl 
Lake and Muskeg Lake combined is 0.3 km? larger than Kearl Lake alone, which is about a 7% increase in 
surface area (Imperial Oil 2007). The effect of changes in water balance were predicted to decrease Kearl Lake 
water levels by a few centimetres. 


The daily mean water level records for Kearl Lake for RAM monitoring Station L2 are provided in Figure 3-25a. 
Water levels decreased somewhat between 2010 and 2013 but rebounded in subsequent years and appear to be 
stable and within the predicted mean annual values. In general, lake water levels were higher from 1999 to 2005 
and appear to be lower thereafter. The pattern over time agrees fairly well with total precipitation for the 
hydrological years monitored nearby at RAM Climate Station C1; total precipitation was above average from 1999 
to 2003, 2005, 2012 to 2014, and 2016. 


332.6 
332.4 

= 332.2 қ ^A 

9 332 \ 

& 

8 3318 

© 

= 

> 3316 

> 

LIES 
331.2 ——RAMP Station L2, Observed 
331 

SP SE B SE À СР жат; a Ar AN 

Ко ae fal QN ө um өл oe oe ^ СЕК 
ФУ У У dv оф У ФУ $ 


Figure 3-25a: Historical Daily Mean Water Levels at Kearl Lake Station L2 from May 1999 to March 2017 


The EIA predicted mean annual and seasonal water levels for the year 2007 were close to the observed values 
(Figures 3-25b, c, d). [Note: due to an error in reporting geodetic elevations identified during Muskeg Lake 
construction, elevations were adjusted upward by 0.31 m to match datum recorded by RAM]. Mean annual 
observed water levels were 2 cm below the predicted value, mean annual open-water period water levels were 

5 cm below the predicted value, and the mean annual ice-covered period water level was 3 cm above the 
predicted value. The maximum water level fluctuation for the period of record was 0.9 m, and the maximum 
fluctuation for the period since Muskeg Lake was connected to Kearl Lake (2014 to 2018) was about 0.6 m, within 
the 1 m range predicted in the NNLP. 
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Figure 3-256: Сотрагіѕоп of Mean Annual Water Levels at Kearl Lake RAM Station 12 {о EIA Predictions at 
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Figure 3-25c: Comparison of Measured Open-Water Levels at RAM Station L2 (Kearl Lake) to EIA Predictions at 

Node K1 
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Figure 3-25d: | Comparison of Measured Ice-Cover Water Levels at RAM Station L2 (Kearl Lake) to EIA Predictions 
at Node K1 
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Muskeg River Downstream of Kearl 


EIA predictions for 2007 indicated that due to muskeg drainage and overburden dewatering, the mean annual flow 
would increase in the Muskeg River downstream of Kearl (EIA Node M1). Currently, no runoff has been released 
to this reach of the Muskeg River from overburden dewatering and the mine close-circuit area occupies a large 
part of this watershed, therefore the original predictions from the HSPF modelling may not be valid up to 2018. 


The nearest monitoring station downstream with a long-term record is the Muskeg River above Stanley Creek at 
RAM Station S5, which is located further downstream and has a larger drainage area. The available records for 
Station S5 are shown in Figure 3-26a along with data for WSC Station S7 at the mouth of the Muskeg River. 


Annual mean and seasonal mean flows at Station S5 from 1999 to 2017 are compared with the EIA predictions 
for Node M1 in Figures 3-26b, c and d. The mean annual flow at S5 for the period of record since 2003 is 

1.13 m3/s (Table 3-15) which is slightly lower than the predicted mean annual flow value of 1.2 m?/s for 2007. The 
mean ice-covered flows have been decreasing slightly since 2003, although the mean open-water season flows 
and mean annual flows have been more stable. Some of the lower flow years are slightly less than the predicted 
minimum annual means during the open-water season. Peak daily mean flow of 14.8 m%/s at S5 occurred 30 June 
2009 and exceeded the 2013 flood event at this station. Floods exceeding a magnitude of 10 m?/s have occurred 
five times since the record began in 2003 and the 2013 flood was not exceptional, which may be due to the 
increasing closed-circuit areas within the upper Muskeg River drainage. 
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Figure 3-26a: Hydrographs for the Muskeg River at Stations S5 and S7 
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Figure 3-26b: Comparison of Measured Mean Annual Flows at RAM Station S5 to Flow Predictions at EIA Node M1 
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Figure 3-26c: | Comparison of Measured Open-Water Flows at RAM Station S5 to Flow Predictions at EIA Node M1 
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Figure 3-26d: | Comparison of Measured Ice-Cover Flows at RAMP Station 55 to Flow Predictions at EIA Node M1 


Muskeg River at the Mouth 


EIA predictions for 2007 indicated that due to muskeg drainage and overburden dewatering, the mean annual flow 
would increase at the Muskeg River at the Mouth (EIA Node M3). The seasonal open-water period and ice- 
covered period flows were also predicted to increase. For Muskeg River at EIA Node МЗ (Figure 3-27a, b and c) 
the EIA predictions are close to the average flows recorded by WSC at Station S7. The high flows in 2013 
exceeded the predicted maximum annual values, and some of the lower flow years were less than the predicted 
range of flow values. The mean annual flow at S7 for the period of record since 1999 was 5.4 m3/s (Table 3-15) 
which is slightly higher than the predicted mean annual flow value for 2007 based on the prediction of 4.9 mis. 


The hydrograph for the Muskeg River at Station S7 is shown in Figure 3-26a. The peak daily mean flow of 
80.2 m?/s occurred 15 June 2013 and this event was nearly twice that of any of the other flood events on record. 
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Figure 3-27a: Comparison of Measured Mean Annual Flows at WSC Station S7 to Flow Predictions at EIA Node M3 
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Figure 3-27b: | Comparison of Measured Open Water Flows at WSC Station 57 to Flow Predictions at EIA Node МЗ 
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Figure 3-27c: | Comparison of Measured Ice Cover Flows at WSC Station S7 to Flow Predictions at EIA Node M3 
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3.5.3.2 Summary of Long-Term Flow Statistics for RAM Hydrometric Stations 


Long-term monthly and annual water level and discharge statistics of recorded flows at RAM hydrometric stations 
are provided in Tables 3-14 to 3-17 below. 


Table 3-14: Mean Monthly Water Level or Discharge Statistics for Selected Hydrometric Stations 


S5 Muskeg River 
Upper Reach 
(mÿ/s) (EIA Node 
M1) 


S10A Wapasu L2 Kearl Lake 
Creek (m?/s) (EIA Water Levels (т) 
Node W1) (EIA Node K1) 


S7 Muskeg River 
at the Mouth (m?/s) 
(EIA Node M3) 


Flow or Water Firebag River at 
Level Statistics K10 (EIA Node F2) 


апиагу 0.409 
ebruary 0.627 
March 0.804 
pri 7.297 
y 9.764 
une 8.644 


eriod of Record 2008 to Present 2012 to Present 1999 to Present 2003 to Present 1999 to Present 


uly 17.894 0.506 331.911 1.779 6.221 
August 10.086 0.130 331.263 3.306 


September 331.900 4.187 
October 331.220 
November 331.149 
December 331.859 


Table 3-15: Mean Annual Water Levels and Flows at Selected Hydrometric Stations 


Firebag River at S10A Wapasu S5 Muskeg River 


Flow or Water L2 Kearl Lake S7 Muskeg River 
ғы K10 (m/s) (EIA Creek (m?/s) (EIA Upper Reach 3 
Level Statistics Node F2) Node W1) Water Levels (m) (m/s) at the Mouth (m?/s) 


1.030 
9.868 
No data 332.140 5.720 
No data 332.061 
No data 332.059 2.023 6.306 
No data 331.979 
No data 331.957 
No data 331.692 
No data 331.795 


No data 331.878 0.973 4.444 
8.122 

2.082 
3.928 
| | 207 |9 | 0.042 | 233182 | 0.130 | 1.707 
2.070 
5.412 


Note: K10 data prior to 2008 was entirely derived by pro-rating flows from the Firebag River at the Mouth 
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Table 3-16: Mean Annual Open Water Period (15 April to 15 November) Water Levels and Flows at Selected 
Hydrometric Stations 


S10A Wapasu S5 Muskeg River 


Flow or Water Firebag River at 3 L2 Kearl Lake S7 Muskeg River 
Level Statistics К10 (EIA Node F2) FRE e Water Levels (m) PO at the Mouth (m?/s) 


0.580 

2001 16.8 No data 332.138 No data 5.750 

5.389 

2413 7.313 
332.002 5 


2004 0.868 4.699 
2005 332.049 3.043 11.509 


No data 331.721 1.068 3.879 
No data 331.788 1.462 5.886 
No data 331.879 1.939 7.653 


7.026 

| 201 | 99 | Nodata | 233165 | 0653 | 1715 | 
0.694 
No data 


Mean Open-Water 
Season (April 15 to 17.6 331.897 1.733 6.033 
Nov 14) 


Note: K10 data prior to 2008 was entirely derived by pro-rating flows from the Firebag River at the Mouth 
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Table 3-17: Mean Annual Ice-Covered Period (15 November to 14 April) Water Levels and Discharge for Selected 
Stations 


S10A Wapasu 


L2 Kearl Lake 
Creek (m?/s) (EIA 
Node W1) Water Levels (m) 


S5 Muskeg River 
Upper Reach 
(mÿ/s) 


Flow or Water Firebag River at 
Level Statistics К10 (EIA Node F2) 


S7 Muskeg River 
at the Mouth (m?/s) 


_____1999 | 58 | №9 | Модаа | №9 | 3720 | 
| 200 |80 | №9 | 2331880 | Мдаа | 14122 | 
2003 4.7 
2004 
No data 331.828 
2006 No data 331.655 0.287 
2007 331.807 0.333 
2008 0.242 0.385 
| 203 | 6 | 0.043 | 33175 | 0308 | 068 | 
Season 5.4 0.061 331.821 0.273 25.4 
(Мом 15 10 Арг 14) 
Note: K10 data prior to 2008 was entirely derived by pro-rating flows Кот the Firebag River at ће Мошћ 
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3.5.4 Evaluation Conclusions 


To evaluate the hydrology model predictions from the Kearl EIA Application Case, the predictions were compared 
with recorded monitoring data. The range of variability of flows and water levels recorded by Kearl and regional 
hydrometric stations are generally within the predicted flow and water level statistics provided in the Kearl EIA 
application, with occasional exceptions. The flood event in the area that occurred in June 2013 caused several 
local stations to have record high flows. Low flows have occurred at most Kearl and regional hydrometric stations 
from 2015 to 2017. 


For EIA predictions for Kearl Lake (Node K1), the data indicates that the average annual lake levels up to 2005 
were generally higher than they have been thereafter. This does not seem to be related to the filling of Muskeg 
Lake from 2010 to 2013 but is likely due to higher than average precipitation from 1999 to 2003 and in 2005 (as 
measured at RAM Climate Station C1). In addition, the filling protocol for Muskeg Lake limited the volume of water 
transferred from Kearl Lake so as to remain in compliance with the Muskeg River Interim Management 
Framework for Water Quantity and Quality (Alberta Environment 2008) to mitigate effects on Kearl Lake water 
levels. Lake levels at Kearl should continue to be monitored each year to verify lake levels remain stable in a 
range of natural hydrological conditions that may occur. 


For Muskeg River downstream of Kearl (Node M1 - as measured by RAM Station S5 above Stanley Creek) the 
mean ice-covered flows have been decreasing since 2012, although the mean open-water season flows and 
mean annual flows have been more stable. This watershed has increasing closed-circuit areas within it, and no 
overburden dewatering has occurred to date, which may explain why flows have not increased as originally 
predicted in the Kearl EIA. It is possible that the large flood in June 2013 was partially attenuated in this 
watershed as it was not a record high event at Station S5. 


For Muskeg River at the mouth (Node M3), the seasonal open-water period and ice-covered period flows were 
predicted to increase for the year 2007. The EIA predictions are close to the average flows recorded by WSC at 
Station S7. The high flows in 2013 exceeded the predicted maximum annual values, and some of the lower flow 
years are less than the predicted range of flow values. Some of the differences between the results of model 
predictions and the monitoring data are attributed to the difference in the assumptions used during the Project EIA 
assessment regarding the schedule of Kearl, Aurora South and Jackpine Phase 1 projects, as described in 
Section 3.4.1. 
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4.0 WATER AND SEDIMENT QUALITY PROGRAM 
4.1 Water and Sediment Quality Monitoring Program Overview 


The water and sediment quality component for the 2018 monitoring program consisted of water and sediment 
sample collection and analysis for Kearl monitoring stations, as described in the SWFM Plan (Imperial Oil 2009a), 
as well as sampling at additional water quality monitoring stations that were previously sampled as part of regional 
monitoring programs (RAM), but where regional sampling activities were recently reduced. In total, the planned 
2018 program included water quality monitoring at six watercourse stations and two waterbody 

stations (Figure 2-1), as follows: 


m three stations operated by Imperial (watercourse Stations FR-1, MR-2, and waterbody Station NNL-1); 


m four stations operated under RAM where Imperial provided supplemental seasonal sampling (watercourse 
Stations IYC-1, MUR-6, WAC-1, and waterbody Station KEL-1); and 


m опе station formerly operated by AEP where Imperial conducted seasonal water quality 
sampling (watercourse Station ABO7DA0440). 


The planned 2018 program also included sediment quality monitoring at five of these stations: watercourse 
Stations FR-1, WAC-1 and AB07DA0440, and waterbody Stations NNL-1 and KEL-1. 


Monitoring at Imperial Station FR-1 in the Firebag River was a continuation of the combined baseline data 
collection and monitoring programs that took place from 2006 through 2017. Monitoring of Station MR-2 in the 
Muskeg River was added at the start of the long-term monitoring program in 2009 to establish a water quality 
monitoring station in the Kearl air emissions pathway, and monitoring in Muskeg Lake (Station NNL-1) was a 
continuation of monitoring that was initiated in 2012, as the newly constructed lake basin was being filled. 


Sampling at Station KEL-1 and an increased frequency of sampling at Station IYC-1 were added to the program in 
2014, as a result of RAM reducing the frequency of sampling at these stations to fall only. The increased sampling 
consisted of adding sampling at Station KEL-1 in the winter and at Station IYC-1 during the spring and summer. 
Water quality monitoring at Station ABO7DA0440 was also added in all seasons due to АЕР no longer sampling at 
this location. 


In 2018, the frequency of sampling at Stations KEL-1, IYC-1, MUR-6 and WAC-1 further increased relative to 
previous monitoring years as a result of RAM reducing the frequency of sampling at these stations. The increased 
sampling at Station KEL-1 consisted of adding sediment sampling in the summer program and the increased 
sampling at Stations IYC-1, MUR-6 and WAC-1 consisted of the addition of water quality sampling during the fall. 
In addition, RAM discontinued sampling at the regional monitoring station on Muskeg Creek (i.e., Station MUC-1) 
and consideration was given to adding MUC-1 sampling to the Imperial monitoring program. However, sampling 
at Station MUC-1 could not be completed in 2018 due to access limitations (the station is located on private 
property) and it was subsequently removed from consideration. 


The winter and fall portions of the 2018 water quality monitoring program consisted of sample collection from all 
eight of the planned monitoring stations in conjunction with the hydrology survey. During the spring and summer 
portions of the 2018 monitoring program, the water quality sampling was split into two programs: the watercourse 
monitoring stations were sampled in conjunction with the hydrology surveys, and the waterbody monitoring 
stations were sampled in conjunction with the fisheries surveys. All eight stations were sampled as planned in 
spring and summer, with the exception of Stations IYC-1 and FR-1 in the summer program - these locations were 
not sampled due to weather and were instead sampled later in conjunction with the late summer fisheries survey. 
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For the 2018 monitoring program, sediment quality samples were collected at both waterbody stations in the late 
summer and from three watercourse stations during the fall (Tables 4-1 and 4-2); sediment toxicity samples were 
collected from two watercourse stations in fall. 


Seasonal sampling dates for the 2018 monitoring program were as follows: 
m winter — 6 to 10 March; 
m spring — 14 to 15 May (watercourse monitoring stations) and 28 May (waterbody monitoring stations); 


m summer — 21 August to 5 September (watercourse monitoring stations) and 2 September (waterbody 
monitoring stations); and 


m  fall— 15 to 18 October. 
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4.2 Monitoring Methods 
4.2.1 Sampling Methods and Analytical Parameters 


Water quality samples were collected from the six watercourse and two waterbody monitoring stations and 
analyzed for chemistry and toxicity, as described in Tables 4-1 and 4-2. At each watercourse station, sample 
bottles were filled by collecting grab samples from just below the surface at mid-channel. At each waterbody 
station, a composite water sample was prepared by mixing grab samples from three (winter) or four (open-water 
seasons) locations within each waterbody; efforts were made to sample at historical sampling locations in each 
waterbody. Sample bottles were then filled from the composite sample. Water quality field parameters were 
measured in-situ at each station and location where grab samples were collected, and consisted of 
measurements of water temperature, pH, specific conductivity and dissolved oxygen concentration. In-situ water 
quality measurements were made using a YSI Model 556 multimeter. 


Sediment quality samples were collected from five monitoring stations, consisting of three watercourse stations 
and two waterbody stations (Tables 4-1 and 4-2), and all samples were analyzed for chemistry. Sediment 
samples from the three watercourse stations located downstream of the Kearl area (Stations FR-1, ABO7DA0440 
and WAC-1) were also to be analyzed for toxicity. However, toxicity samples could only be collected from two of 
these stations (FR-1 and ABO7DA0440) due to the limited amount of sediment present at Station FR-1. 


For chemical analysis, one composite sediment sample was prepared at each monitoring station by mixing five 
sediment grabs collected using an Ekman grab, and filling sample jars from the composite sample. Due to 
updated AEP/Canadian Council of Ministers of the Environment (CCME) analysis requirements, an additional 
sampling and preservation procedure for the analysis of F1/BTEX in sediment using methanol vials was 
introduced for the fall 2017 program. During the summer 2018 program, it was determined that using this method 
for collecting lake sediment was not effective because of the watery consistency of the sediment, and so the 
previous method of analysing from 125 mL soil jars was used. For the subsequent fall program, the two methods 
for collecting sediment for F1/BTEX analysis (i.e., F1/BTEX collected in methanol vials and F1/BTEX collected in 
Soil jars) were both used to avoid the issues encountered in the summer program, and to allow for comparison 
between the methods. There was limited sediment availability at Station FR-1 in the fall program, so only the soil 
jar sampling method was used for F1/BTEX. For toxicity analysis at the watercourse monitoring Station WAC-1, 
five separate sediment samples were prepared by collecting five discrete grabs using an Ekman grab. Only three 
sediment samples were collected at Station ABO7DA0440 due to limited sediment availability; the laboratory 
removed the required sediment from each sample to run the toxicity analyses and the volume of sediment that 
remained was then combined to create an additional two samples, for a total of five samples. 


Water and sediment samples were shipped to Maxxam Analytics, Calgary, AB, for analysis of chemistry and 
toxicity parameters (Table 4-3), with some exceptions: total and dissolved mercury analyses were subcontracted 
by Maxxam to InnoTech Alberta (formerly Alberta Innovates — Technology Futures) in Vegreville, AB, and methyl 
mercury analysis was subcontracted to Flett Research in Winnipeg, MB. 


Analytical results for the 2018 water and sediment quality samples are presented in this report, as are the water 
quality and sediment quality test results for samples collected during the fall 2017 sampling program that were not 
available at the time of preparing the 2017 Annual Monitoring Report. 
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4.2.2 Quality Assurance and Quality Control 


Water and sediment quality duplicate and split samples, and water quality field blanks were collected for quality 
control (QC) purposes as part of the 2018 monitoring program (Appendix Ш, Tables ЇЇЇ-1 to 111-3). Results for QC 
samples were used to evaluate potential contamination of samples during sampling and laboratory analysis, and 
to assess within-station variability, precision of field sampling methods, and analytical precision of laboratory 
analysis, as described below. 


In the field blank, detected concentrations were considered notable if they were greater than five times the 
corresponding detection limit (DL). 


In split and duplicate water samples, differences between concentrations of a parameter were considered 
notable if: 


m they were greater than 30% for Polycyclic Aromatic Hydrocarbons (PAHs) and Polycyclic Aromatic Nitrogen 
Heterocycles (PANHS); 


m they were greater than 20% for all other parameters; and 
m concentrations were greater than five times the reported DLs in both samples. 


In split and duplicate sediment samples, differences between concentrations of a parameter were considered 
notable if: 


m they were greater than 50% for PAHs and РАМН5; 

m they were greater than 35% for all other parameters; and 

m concentrations were greater than five times the reported DLs in both samples. 

Within-station variability and field sampling precision in duplicate water and sediment samples were rated as: 


m  lowand high, respectively, if less than 1096 of the parameters included in the duplicate sample analysis were 
notably different from one another; 


m moderate if 10 to 3096 of the parameters included in the duplicate sample analysis were notably different from 
one another; or 


m  highand low, respectively, if more than 3096 of the parameters included in the duplicate sample analysis were 
notably different from one another. 


Analytical precision in split water and sediment samples was rated as: 


m  highifless than 1096 of the parameters included in the split sample analysis were notably different from one 
another; 


m moderate if 10 to 30% of the parameters included in the split sample analysis were notably different from one 
another; or 


m  lowif more than 30% of the parameters included in the split sample analysis were notably different from one 
another. 
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4.3 Methods for Five-Year Water/Sediment Monitoring Data Summary 


To provide the current five-year summary of Kearl monitoring data and integration with regional monitoring data, 
water quality and sediment quality data that have been collected for Kearl from 2006 to 2018 were combined with 
historical data from the following sources: 


m RAMP database (RAMP 2018); 
m AEP Water Data System (WDS; АЕР 2018); and 


m baseline data for the Project as presented in the previous five-year Kearl monitoring summary in the 2013 
Annual Monitoring Report (Golder 2013a). 


Methods describing the analysis of historical water quality and sediment data are provided below. 


4.3.1 Watercourses and Kearl Lake 
4.3.1.1 Water Quality 


Qualitative comparisons were used to evaluate water quality in the Firebag River, Muskeg River, Wapasu Creek, 
Muskeg Creek, lyinimin Creek and Kearl Lake before and after project operations began. 


Compiled water quality data collected from all monitoring stations sampled from 2006 to 2018 (Figure 4-1) were 
split into four watersheds: the Firebag River and its tributaries (ET-1, CT-1, WT-1, and FR-1), Muskeg River 
(MR-2, MUR-6, ABO7DA0440, and AB07DA0475), Muskeg Creek (IYC-1, KEL-1, and MUC-1), and Wapasu 
Creek (WAC-1) (Appendix IV, Tables IV-1 to IV-4). 


Data from each watershed were summarized by season for the baseline phase (2006 to 2010) and the Kearl 
operational phase (2011 to 2018) (Appendix V, Tables V-1 to V-8). For each watershed, seasonal summary 
statistics were calculated for each of the two phases (i.e., minimum, maximum, mean, median, 95^ percentile, 
count, and count of non-detectable values). In cases where more than 25% of results were less than the (DL, the 
mean and standard deviation were not calculated. 


Seasons were defined as: 

m Winter: November through March 
m Spring: April and May 

m Summer: June through August 

m Fall: September and October 


Seasonal data for each watershed were compared to the acute and chronic surface water guidelines for the 
protection of freshwater aquatic life (WQGs) published by the Government of Alberta (GOA 2018) (Appendix V). 
Water quality data were also evaluated against the Canadian Drinking Water Quality Guidelines published by 
Health Canada (HC 2017). Data were compared to the drinking water maximum acceptable 

concentrations (MACs) and aesthetic objectives (AOs). Drinking water AOs do not necessarily indicate a risk to 
human health (HC 2017); the drinking water AOs are intended to indicate the suitability of water for industrial or 
domestic uses (e.g., laundry), rather than to identify health concerns. Comparison to the drinking water MACs and 
AOs (HC 2017) were completed in Appendix V but exceedances of drinking water AOs were not discussed as 
part of the results in Section 4.7.1. Surface water quality data were also evaluated against GOA (2018) livestock 
and wildlife drinking water guidelines (wildlife guidelines) as an indicator of risk to wildlife health. 
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Temporal trends of water quality parameter concentrations were evaluated qualitatively using time series scatter 
plots. Parameters that demonstrated trends over time are presented and discussed in detail in Section 4.7.2. If a 
trend occurred in both the total and dissolved concentrations of a metal parameter, only the scatter plot of the total 
concentration was presented. 


4.3.1.2 Sediment Quality 


Sediment quality data were compiled for stations in the Firebag River (Station FR-1), Muskeg 

River (Stations MUR-D2, MUR-D3, and ABO7DA0440), Wapasu Creek (Station WAC-1), and Kearl 

Lake (Station KEL-1) for the baseline phase (2006 to 2010) and the Kearl operational phase (2011 to 

2018) (Appendix VI). Sediment quality data for each station were compared to the CCME interim sediment quality 
guidelines (ISQG) and probable effects level (PEL) guidelines (CCME 1998) for both the baseline and operational 
phases (Appendix VI). 


4.3.2 Muskeg Lake 
4.3.2.1 Water Quality 


Water quality samples were collected in Muskeg Lake (Station NNL-1) from the lake filling phase to the 

present (i.e., from 2012 to 2018), typically in three seasons each year. Additionally, sediment quality samples 
were collected from Muskeg Lake once a year in either late summer or fall from 2013 to 2018. Composite water 
samples were collected from up to five locations across the lake for analysis of the full water quality parameter list 
including PAHs and РАМН$. For some programs, less than five samples were collected due to timing restrictions 
or weather. Water quality data were compared to chronic and acute WQGs (СОА 2018), wildlife guidelines (СОА 
2018) and the drinking water MACs and AOs (HC 2017). Comparison to the drinking water AOs (HC 2017) were 
presented in Section 4.8.1 for reference, but exceedances were not discussed. 


Temporal trends of water quality parameter concentrations were evaluated qualitatively; time series scatter plots 
are presented in Appendix VII. Parameters that demonstrated trends over time are presented and discussed in 
Section 4.8.2. If a trend occurred in both the total and dissolved concentrations of a metal parameter, only the 
scatter plot of the total concentration was presented. 


4.3.2.2 Sediment Quality 


Sediment quality data collected from 2013 to 2018 at Muskeg Lake were compared to the interim sediment quality 
guidelines (ISQG) and probable effects level (PEL) guidelines (CCME 1998). 
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4.4 Methods for Comparison of Мизкед Lake Data to Predicted 
Conditions 


Muskeg Lake was constructed to provide productive aquatic habitats to compensate for Kearl effects on fish 
productivity in affected natural habitats, as described in the Kearl NNLP (Imperial Oil 2007). Muskeg lake 


represents Phase | of compensation habitat development, with two additional lake phases to be constructed as 


Kearl development continues. As part of the NNLP, model predictions were generated to estimate the general 


suitability of Muskeg Lake as productive aquatic habitat, and to provide specific inputs for fish Habitat Suitability 
Index (HSI) modelling (see Section 5.6.8). Phase I (2007 to 2024) water quality predictions were made regarding 


Muskeg Lake trophic status, total dissolved solids concentrations, and temperature and dissolved oxygen 
characteristics. Water from Kearl Lake was used to fill Muskeg Lake, so conditions in Muskeg Lake were 
generally predicted to be similar to or to approach Kearl Lake over time. Specific predictions were as follows. 


m  Trophic status: Historical data suggest Kearl Lake is mesotrophic (moderately productive) to meso-eutrophic 
(moderately to highly productive); therefore, Muskeg Lake was predicted to eventually be mesotrophic to 
meso-eutrophic. However, during the beginning of Phase |, Muskeg Lake nutrient concentrations are predicted 


to be less than those in Kearl Lake but approaching Kearl Lake values over time. 


m Temperature: Muskeg Lake was predicted to be vertically isothermal throughout the year (i.e., not thermally 
stratified). A typical seasonal pattern observed in a year would include temperatures ranging between 0°С and 
3*C from October to May, increasing until summer with an average range of 15°С to 24°С in July and August, 


before declining through fall back to 0°C to 3°C. 


m Dissolved oxygen: Dissolved oxygen concentrations in Muskeg Lake were predicted to be highest in fall and 
lowest in winter. Dissolved oxygen concentrations during the open water period were predicted to typically be 
above 7 mg/L, with negligible stratification. Dissolved oxygen concentrations during ice cover were predicted 
to continuously decrease until reaching lowest levels in late winter. In late winter, dissolved oxygen 
concentrations were predicted to be 0 mg/L within 1 m of the sediment (lake bed) and greater than 5.0 mg/L 
for the portion of the water column more than 1 m above the sediment. Excluding the bottom 1 m of water, 
mean water column dissolved oxygen concentrations in the Phase | lake were predicted to be on average 


about 7.5 mg/L. 


m Total dissolved solids: TDS concentrations for the Phase | lake were predicted to be generally similar to Kearl 
Lake and to range from approximately 230 mg/L to 245 mg/L. In the long term (over approximately 200 years), 
TDS concentrations were predicted to increase slightly (about 30 mg/L). Concentrations of TDS were predicted 
to follow a seasonal pattern; higher in the winter due to salt exclusion from ice, and lower in the spring due to 
dilution. Adequate circulation was predicted to occur in Muskeg Lake, and there should not be a build up of 


salts that may impact the suitability of the habitat for fish. 


To address the predictions outlined in the NNLP (Imperial Oil 2007), the following steps were taken. 


m  Trophic Status: Nutrient concentrations from all available samples collected at Stations NNL-1 and KEL-1 from 
start of Muskeg Lake monitoring (i.e., from 2012 to 2018) were compiled and used to determine trophic status 
in both lakes for each year based on criteria in Vollenweider and Kerekes (1980). Open water data from late 
summer were used to evaluate the most productive season in the lakes (with the exception of one May 2012 
sample, which was included because only spring data were available that year). Trophic status was compared 
between lakes to evaluate if Muskeg Lake meets the NNLP prediction and has a similar trophic level as Kearl 


Lake. 
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m Temperature: Temperature profiles collected at Stations NNL-1 and KEL-1 during 2018 were plotted to 
determine if the lakes were isothermal. Seasonal patterns were determined qualitatively and compared 
between lakes and to NNLP predictions. 


m  Dissolved oxygen: Dissolved oxygen profiles collected at Stations NNL-1 and KEL-1 during 2018 were plotted 
to determine if the lakes were stratified with respect to dissolved oxygen concentration. Seasonal patterns 
were determined qualitatively and compared between lakes and to NNLP predictions. 


m Total dissolved solids: Patterns in TDS concentrations in Muskeg Lake from 2012 to 2018 were determined 
qualitatively based on the time series plot and then compared to NNLP predictions. 


4.5 2017 Water and Sediment Quality Results 


Results for water quality, sediment quality/toxicity, and QC samples collected in fall 2017 that were not available 
at the time of preparation of the 2017 Annual Monitoring Report are presented here. 


4.5.1 Water Quality 


Field and analytical water quality data for samples collected at Stations ABO7DA0440, FR-1, and MR-2 in late 
October 2017 are summarized in Table 4-4. Concentrations of water quality parameters were within typical ranges 
observed in the oil sands Region, as reported by RAM (JOSMP 2016), with the exception of field pH at Stations 
AB07DA0440 and MR-2, which were lower than the pH recorded in the region (Table 4-4; JOSMP 2016). The 
concentrations of all water quality parameters (including field pH) were consistent with the data collected in 
previous monitoring years (Golder 2013a, 2014, 2015, 2017а, 2017b). Key observations from the data are 
described below. 


Parameters measured in fall 2017 were within typical ranges observed in previous years at Stations 
AB07DA0440, FR-1, and MR-2. Concentrations of carbonate, sulphate, nitrate, nitrite, nitrate + nitrite, naphthenic 
acids, phenol, total recoverable hydrocarbons, total and dissolved beryllium, selenium, and silver, and dissolved 
cadmium, copper, lead, thallium, titanium, and vanadium were below the DL at all stations. 


Because of logistical constraints, dissolved mercury samples at Stations ABO7DA0440, FR-1, and MR-2 were 
filtered and preserved by InnoTech past the recommended 48-hour hold time. However, all dissolved mercury 
concentrations were less than the corresponding total concentrations, and therefore filtering and preserving after 
the recommend hold time does not appear to have affected the data. 


Table 4-4: Water Quality Data for Watercourse Monitoring Stations, Fall 2017 


AB07DA0440 FR-1 MR-2 
24-Oct-17 26-Oct-17 24-Oct-17 


Parameter 


Dissolved oxygen 


Conventional Parameters 
Specific conductivity 
Hardness, as CaCOs 


Total alkalinity, as CaCOs 
Total dissolved solids 


Total suspended solids 
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Table 4-4: Water Quality Data for Watercourse Monitoring Stations, Fall 2017 


AB07DA0440 FR-1 MR-2 
24-Oct-17 26-Oct-17 24-Oct-17 


Total organic carbon 
Dissolved organic carbon 


Parameter 


JININ 
оо 


Стопде 
Magnesium mg/L 22 


Nutrients and Biological Indicators 


mg-N/L «0.01 «0.01 


Nitrate + nitrite mg-N/L 


Nitrogen - Kjeldahl 
Phosphorus, total 
Phosphorus, dissolved 
Biochemical oxygen demand 
General Organics 


Naphthenic acids 
Phenol 
Total recoverable hydrocarbons «2 

Metals (Total) 

Aluminum 


Chromium 
Cobalt 
Copper 
Lead 
Lithium 


| 89 | 38 
51 
0.00065 
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Table 4-4: Water Quality Data for Watercourse Monitoring Stations, Fall 2017 


Бакага: Unit AB07DA0440 FR-1 MR-2 
24-Oct-17 26-Oct-17 24-Oct-17 
| æ | 
Titanium gh 2 | 
Metals (Dissolved) 
[Antimony А | X 002 | 02 | о04 | 
29 
| 


Iron ug/L 780 400 

Lead ug/L 
Lithium ug/L 9.6 5.3 
Manganese ug/L 440 120 
Mercury®) ug/L 0.00027 

| | 009 | 
Titanium 
Zinc ug/L 0.7 


а) Parameter was analysed past the recommended hold time. 
Note: - = not applicable; uS/cm = microSiemens per centimetre; TCU = true colour unit; < = less than; mg-N/L = milligrams as nitrogen per 
litre; mg-P/L = milligrams as phosphorus per litre; ug/L = micrograms per litre. 
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4.5.2 Sediment Quality 


Analytical results for sediment quality samples collected at Stations ABO7DA0440, FR-1, and WAC-1 in fall 2017 
are summarized in Table 4-5. Concentrations of sediment quality parameters were generally within typical ranges 
observed in previous years (Golder 2013a, 2014, 2015, 20172, 2017b). Sand was the dominant fraction of 
inorganic bottom sediments and TOC content was low at all stations. At Station FR-1, moisture content was below 
the typical range observed in previous years (Table 4-5; Golder 2013a, 2014, 2015, 2017a, 2017b). 


Hydrocarbon and PAH/PANH concentrations were generally below the DLs at all stations. Detectable 
concentrations of acenaphthylene, benzo(a)anthracene, benzo(k)fluoranthene, and benzo(e)pyrene at Station 
FR-1 were above the range of historical data from previous monitoring programs and likely due to eroded oil 
sands (Table 4-5; Golder 2013a, 2014, 2015, 2017а, 2017b). Detectable concentrations of anthracene at Station 
WAC-1 were also above the range of historical data from previous monitoring programs. All other detectable 
concentrations of PAH/PANHS were within the range of historical data. 


Table 4-5: Sediment Quality Data for Watercourse Monitoring Stations, Fall 2017 


Parameter Unit AB07DA0440 FR-1 WAC-1 
[dry wt] 24-Oct-17 26-Oct-17 25-Oct-17 


Particle Size 


Total volatile hydrocarbons (Св-С1о) 


Total petroleum hydrocarbons mg/kg 59 5,700 «50 
Metals (Total) 
Aluminum 


«2 «2 
mg/kg 
mg/kg 1,900 5,100 1,600 
mako p. 3. a = nn -. Wo 
0.7 


2 
Cobalt 1.1 


Lithium 


mg/kg 
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Table 4-5: Sediment Quality Data for Watercourse Monitoring Stations, Fall 2017 


Fd eoru Unit AB07DA0440 FR-1 WAC-1 
[dry wt.] 24-Oct-17 26-Oct-17 25-Oct-17 

Potassium 

Target PAHs and Alkylated PAHs 

C2 substituted benzo(a)anthracene/chrysene 

C3 substituted benzo(a)anthracene/chrysene mg/kg «0.005 0.880 

C4 substituted benzo(a)anthracene/chrysene mg/kg | <0.005 0.200 <0.005 

Dibenzothiophene mg/kg 

C1 substituted dibenzothiophene 

C2 substituted dibenzothiophene mg/kg «0.005 

C3 substituted dibenzothiophene 
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Table 4-5: Sediment Quality Data for Watercourse Monitoring Stations, Fall 2017 


Unit AB07DA0440 FR-1 WAC-1 
[dry wt.] 24-Oct-17 26-Oct-17 25-Oct-17 


C2 substituted naphthalene 
C3 substituted naphthalene 
C4 substituted naphthalene 
Perylene 
Benzo(g,h.i)perylene 
Phenanthrene 
C1 substituted phenanthrene/anthracene 
C2 substituted phenanthrene/anthracene 
C3 substituted phenanthrene/anthracene 


Parameter 


СА substituted phenanthrene/anthracene 
Pyrene 
C1 substituted fluoranthene/pyrene 
C2 substituted fluoranthene/pyrene 1.3 

2 
C4 substituted fluoranthene/pyrene 1.9 
Indeno(1,2,3-cd)pyrene 0.016 
Benzo(a)pyrene 
Benzo(e)pyrene 
Retene 


Acridine mg/kg <0.01 
mg/kg 


8) Quinoline recovery not calculated due to required dilution caused by sample matrix. 
Note: dry wt. = dry weight; « = less than; mg/kg = milligrams per kilogram; PAHs = polycyclic aromatic hydrocarbons; РАМН5 = polycyclic 
aromatic nitrogen heterocycles. 


C3 substituted fluoranthene/pyrene mg/kg 0.020 0.011 


4.5.2.1 Sediment Toxicity 


Sediment toxicity test samples were collected in fall 2017 at two watercourse monitoring stations located 
downstream of the Kearl area; Station ABO7DA0440 (Muskeg River) and Station WAC-1 (Wapasu Creek). 
Five replicate sediment sub-samples were collected for analysis for both stations. 


The 2017 sediment toxicity test results show that survival of Chironomus dilutus at Station ABO7DA00440 and 
Hyalella azteca at both stations was approximately equal to that of the laboratory control, indicating no adverse 
effect on survival of test organisms (Table 4-6). Chironomus dilutus survival at Station WAC-1 was significantly 
lower than the control. Growth of Chironomus dilutus and Hyalella azteca was higher relative to the control at both 
stations, with the exception of growth of Chironomus dilutus at Station AB07DA0440, which was significantly 
reduced relative to the control. 


Table 4-6: Sediment Toxicity Results for Watercourse Monitoring Stations, Fall 2017 


Mean Survival + SD Mean Growth + SD 
(% of control) (% of control) 


Te кее 
Station ABO7DA0440 
noue. 
Station WAC- 


Note: SD = standard deviation; d = day. 
(а) Statistically significant decrease relative to the control. 


Test and Indicator 


Location 
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4.5.3 Quality Control 
4.5.3.1 Water Quality 


Concentrations of water quality parameters in the field blank collected during the fall 2017 monitoring program 
were generally not notable (i.e., were below five times the DL), with the exception of dissolved 

phosphorus (0.008 mg-P/L; Appendix Ш, Table 111-1). Although the concentration of total phosphorus was greater 
than five times the DL, it was still below the concentration of the corresponding fall 2017 water quality field 
samples. The difference between total phosphorus measured in the field samples and the field blank was greater 
than five times the DL; therefore, field sample contamination was not suspected. Overall, the results indicate that 
field samples collected during 2017 sampling programs were free of contamination. 


Results for four of the 79 parameters analyzed (excluding pH) were above the duplicate sample QC criterion in 
water samples collected in fall 2017, which represents 5% of the total analyzed parameters (Appendix lll, 
Table 1-3). Therefore, within-station variability and field sampling precision were rated as low and high, 
respectively, for fall 2017. 


4.5.3.2 Sediment Quality 


Three of the 95 parameters analyzed were above the split sample QC criterion in sediment samples collected in 
fall 2017, which represents 3% of the total analyzed parameters (Appendix Ш, Table 111-2). No notable differences 
were detected between split sample concentrations in the PAH/PANH data. Therefore, analytical precision was 
rated as high for fall 2017. 


4.6 2018 Water and Sediment Quality Results 
4.6.1 Watercourse Monitoring Stations 
4.6.1.1 Water Quality 


Field and analytical water quality data from the 2018 monitoring program for watercourse monitoring stations are 
summarized in Table 4-7. Concentrations of water quality parameters from the 2018 monitoring program were 
generally within typical ranges observed in the oil sands Region, as reported by RAM (JOSMP 2016), with the 
exception of some pH, major ions, total alkalinity, and total aluminum values. Concentrations of water quality 
parameters from the 2018 monitoring program were generally consistent with the data collected in previous 
monitoring years with the exception of some dissolved oxygen, dissolved calcium, magnesium and manganese 
values (Golder 2013a, 2014, 2015, 2017а, 2017b). Key observations from the data are described below. 


Field measurements were within typical ranges observed in previous years. In-situ pH values measured at 
Stations ABO7DA0440, WAC-1, FR-1, MUR-6, and MR-2 in March, August and/or October were lower than those 
typically observed in the oil sands Region but were consistent with historical data for these sites. 


Conventional parameters and nutrients were within the historical ranges and generally similar to concentrations 
observed in the oil sands Region, with the exception of total alkalinity at Station IYC-1 in March, which was higher 
than the range observed in the oil sands Region. Most major ions were within the historical ranges, except for 
calcium at Station ABO7DA0440 and magnesium at Station MUR-6 in March. When compared to the typical 
values observed in the oil sands Region, major ions were measured at similar concentrations, except for calcium 
at Station ABO7DA0440, sodium at Station IYC-1 and magnesium at Stations MR-2, MUR-6 and WAC-1 in March, 
which were higher than typical regional values. 
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Total and dissolved metal concentrations were within the historical ranges with the exception of dissolved 
manganese measured at Station MUR-6 in March, which was higher than the historical ranges (Golder 2013a, 
2014, 2015, 20172, 2017b). Concentration of dissolved manganese at Station MUR-6 were variable іп 2018 and 
ranged from 8.3 ug/L in May to 1,600 ug/L in March. The historical range for data collected from 2007 to 2014 is 
0.2 ug/L to 1,520 ug/L, indicating variability is typical for manganese concentrations at the monitoring stations. 
Total aluminum concentrations were within the typical range measured in previous programs but were lower than 
concentrations measured in the oil sands Region for three Station ABO7DA0440 samples (May, August, and 
October), two Station MUR-6 samples (May and October), one Station WAC-1 sample (March) and one Station 
MR-2 sample (October). Due to field logistical constraints, all dissolved mercury samples were filtered and 
preserved by InnoTech past the recommended 48-hour hold time, but all dissolved mercury concentrations were 
lower than the corresponding total concentrations. Therefore, filtering and preserving after the recommended hold 
time did not appear to have affected the data. 


Concentrations of carbonate, nitrite, total and dissolved silver, dissolved beryllium and cadmium, naphthenic 
acids, total recoverable hydrocarbons were below the DL at all sampling stations in all seasons. Phenol was 
detected at Stations ABO7DA0440, FR-1, IYC-1 and WAC-1 in May and August, Station MR-2 in August, and 
Station MUR-6 in March, May and August but was within the historical range as well as typical ranges observed in 
the oil sands Region. 
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4.6.1.2 Sediment Quality 


Analytical results for sediment quality samples collected at Stations ABO7DA0440, FR-1, and WAC-1 in fall 2018 
are summarized in Table 4-8. Concentrations of sediment quality parameters were generally within typical ranges 
observed in previous years (Golder 2013a, 2014, 2015, 2017a, 2017b). Sand was the dominant fraction of 
inorganic bottom sediments and TOC content was low at all stations. At Stations ABO7DA0440 and WAC-1, 
anthracene was above the typical range observed in previous years (Golder 2013а, 2014, 2015, 20172, 2017b). 
All other results were within the range of historical data. 
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4.6.1.3 Sediment Toxicity 


Sediment toxicity test samples were collected in 2018 at two watercourse monitoring stations located downstream 
of the Kearl area: Station ABO7DA0440 (Muskeg River) and Station WAC-1 (Wapasu Creek). The 2018 sediment 
toxicity test results show that survival of Chironomus dilutus and Hyalella azteca was approximately equal to that 
of the laboratory control at both stations, indicating no adverse effect on survival of test organisms (Table 4-9). 
One exception was Chironomus dilutes at Station ABO7DA0440, which was significantly lower than the control. 
Growth of Chironomus dilutus and Hyalella azteca was generally higher relative to the control at both stations, but 
no significant differences were detected from the control. 


Table 4-9: Sediment Toxicity Results for Watercourse Monitoring Stations, 2018 


Mean Survival + SD Mean Growth + SD 


Location Test and Indicator (% of control) (% of control) 


Muskeg River – Chironomus dilutus: 10-d Growth and Survival Test 86 + 2202) 132 + 24 
Station ABO7DA0440 | Hyalella azteca: 14-d Growth and Survival Test 102 + 0 213 + 50 
92 + 11 


Wapasu Creek – Chironomus dilutus: 10-d Growth and Survival Test 105 +6 
Station WAC-1 Hyalella azteca: 14-d Growth and Survival Test 188 + 38 


Note: SD = standard deviation; d = day. 
(а) Statistically significant decrease relative to the control. 


4.6.2 Waterbody Monitoring Stations 
4.6.2.1 Water Quality 


Field and analytical water quality data from the 2018 monitoring program for the two waterbody monitoring 
stations that were sampled are summarized in Table 4-10. 


Kearl Lake (Station KEL-1) was well oxygenated (7.6 mg/L or higher) in spring (May) and fall (September) 2018, 
but low (2.9 mg/L) under-ice in the late winter (March). The winter dissolved oxygen level was below the GOA 
(2018) guideline, as is typical for this shallow lake. The majority of laboratory measured parameters at Station 
KEL-1 in May and September were within the ranges observed in previous years (Golder 2013a, 2014, 2015, 
2017a, 2017b), with the exception of dissolved phosphorus and total zinc in May and total titanium in September; 
these parameters were measured at concentrations higher than the historical Kearl Lake data. At Station KEL-1 in 
March, more parameters were measured outside the historical range compared to the other months, including 
specific conductivity, hardness, total alkalinity, total dissolved solids, bicarbonate, dissolved calcium, magnesium, 
potassium, sodium, barium, lithium, manganese, and strontium, and total manganese; these parameters were all 
measured at concentrations higher than the historical data. Concentrations of metals were generally higher in 
winter compared to spring in 2018 at Station KEL-1. The higher concentrations in winter were likely due to cryo- 
concentration, which is the increase in the concentration of dissolved solids as a result of exclusion during ice 
formation (EMAN-North 2005), and potentially the release of dissolved metals from anoxic bottom sediments. 
Carbonate, sulphate, nitrite, naphthenic acids, total recoverable hydrocarbons, total and dissolved cadmium, 
thallium, vanadium, total methyl mercury, and dissolved beryllium, chromium, silver, and titanium concentrations 
were below DLs in all samples. 
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Muskeg Lake (Station NNL-1) was well-oxygenated (8.2 mg/L or higher) in spring (May) and fall (September), апа 
lower (6.0 mg/L) during the winter (March). The dissolved oxygen concentration measured in winter was lower 
than the historical range at Station NNL-1. Muskeg Lake was slightly alkaline and within the historical field pH 
ranges for both Muskeg and Kearl lakes. Concentrations of conventional parameters were generally within the 
historical range measured in previous programs at Station NNL-1, with the exception of total alkalinity in March, 
which was higher than the historical range, and hardness in September, which was lower than the historical 
range. Colour measured at Station NNL-1 was lower than what was measured at Station KEL-1 for all samples, 
and TOC was also generally lower at Station NNL-1 than Station KEL-1 (i.e., in May and September). Total 
suspended solids concentration was below the DL in Station NNL-1 in September but was measured at higher 
concentrations than Station KEL-1 in both March and May. Concentrations of TDS at Station NNL-1 were within 
the range measured in previous years and were similar between Muskeg and Kearl lakes. Major ions were 
generally within the historical range at Station NNL-1, except for sodium in March, which was higher than the 
historical range, and magnesium and sulphate in September, which were lower than the historical range. Sulphate 
concentrations in Muskeg Lake were higher than those in Kearl Lake in 2018 for all samples. 


Nutrient concentrations in Muskeg Lake were within the ranges measured in previous years and similar to those in 
Kearl Lake, with the exception of nitrate and nitrate+nitrite in March and total Kjeldahl nitrogen in September. 
Nitrate and nitrate+nitrite concentrations were higher at Station NNL-1 in March 2018 compared to the historical 
range and compared to Station KEL-1 concentrations in 2018. Concentrations of total Kjeldahl nitrogen measured 
in September at Station NNL-1 were within the historical range but were lower than concentrations measured at 
Station KEL-1 in 2018. 


Concentrations of metals in Muskeg Lake were generally within the range of concentrations documented by 
Golder (20132, 2014, 2015, 2017а, 2017b) in previous years, with the following exceptions: 


m total aluminum, arsenic, boron, chromium, cobalt, titanium, and vanadium in March, and total chromium in May 
were higher than in previous years; 


m dissolved arsenic and boron in March, and dissolved chromium in May, were higher than in previous years; 


m total molybdenum, and uranium in May, and total uranium in September were lower than in previous years; 
and 


m dissolved aluminum and mercury in March, dissolved lithium, manganese and uranium in May, and dissolved 
copper, molybdenum, nickel and uranium in September, were lower than in previous years. 


In general, metal concentrations at Station NNL-1 were higher than the historical concentration range measured in 
Muskeg Lake in March and lower than the historical range in May and September. This pattern is similar to the 
pattern observed for concentrations of metals measured in Kearl Lake (i.e., higher in March than in May and 
September). The higher concentrations in winter were likely also due to cryo-concentration (EMAN-North 2005), 
or potentially the release of dissolved metals from anoxic bottom sediments. Concentrations of most metals were 
higher in Muskeg Lake compared to Kearl Lake in 2018, such as antimony, arsenic, barium, copper, molybdenum, 
nickel, thallium, uranium, and vanadium. Concentrations of iron, manganese, mercury and zinc were lower in 
Muskeg Lake than Kearl Lake in 2018 in at least one season. Some metal parameters, however, such as 
beryllium, cadmium, methyl mercury, silver, and strontium, were measured at concentrations similar to Kearl Lake 
in 2018. 


Concentrations of general organics were similar between Muskeg Lake and Kearl Lake. Naphthenic acids and 
total recoverable hydrocarbons were below detection in all Muskeg Lake samples in 2018. Phenol concentrations 
were measured within the historical range for all Muskeg Lake samples, except the September sample, where 
phenol concentration was higher than the historical range. Concentrations of PAHs and PANHs in Muskeg Lake 
were generally below detection, and those that were detected were not outside the historical range. 
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4.6.2.2 Sediment Quality 


Analytical results for sediment quality samples collected from both waterbody monitoring stations sampled in 
2018 (i.e., Muskeg Lake [Station NNL-1] and Kearl Lake [Station KEL-1]) are presented in Table 4-11. Sand was 
the dominant fraction of inorganic bottom sediments in both lakes. At Station NNL-1, TOC content was 

low (2.4%), which is unusual for natural lake sediments in the region. However, Muskeg Lake is recently 
constructed and in the early stages of development and it is expected that over time TOC will increase to values 
typical of natural lakes, such as those found in Kearl Lake (3796). TOC and total carbon measured in Muskeg 
Lake in 2018 were both higher than the historical range, which may represent the start of the expected increasing 
trend in carbon in Muskeg Lake sediments. 


Concentrations of metals were generally low at Station NNL-1 and similar to those observed previously; however, 
some metal concentrations, including arsenic, calcium, cobalt, lead, magnesium, manganese, and molybdenum 
were somewhat higher (by 2096 or less) than the maximum concentrations observed since monitoring began in 
2013. Concentrations of metals in sediment were generally higher at Station KEL-1 compared to Station NNL-1, 
with the exception of iron, manganese, titanium and vanadium, which were higher at Station NNL-1. 


Concentrations of hydrocarbons, PAHs and РАМН$ at Station NNL-1 were within the range of concentrations 
observed in previous years with the exception of the following PAHs: chrysene, C2 substituted 
benzofluoranthenes/benzopyrenes, C2 substituted biphenyls, C2, C3 and C4 substituted dibenzothiophenes, C2 
and C3 substituted fluoranthenes/pyrenes, and C3 and C4 substituted phenanthrenes/anthracenes, which were 
higher than the historical range of concentrations for Station NNL-1 by 296 to 7596 (Golder 2013a, 2014, 2015, 
20172, 2017b). Concentrations of hydrocarbons, PAHs апа РАМН$ were typically lower at Station KEL-1, with the 
exception of fluoranthene, fluorene, C2 substituted naphthalene, and phenanthrene. 


Table 4-11: Sediment Quality Data for Waterbody Monitoring Stations, 2018 


Unit KEL-1 NNL-1 
[dry wt.] 02-Sep-18 02-Sep-18 


Parameter 


Particle Size 

Sand content % 
Silt content 28 27 

% 


Carbon Content 


Total inorganic carbon 

Total organic carbon 

Total carbon 
4 


Total volatile hydrocarbons (Св-Сло) 
Total extractable hydrocarbons (C11-C16) mg/kg 300 


Total extractable hydrocarbons (C17-C34) 
1,200 


Total extractable hydrocarbons (С35-С50) 


Total petroleum hydrocarbons 
Metals (Total) 
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Table 4-11: Sediment Quality Data for Waterbody Monitoring Stations, 2018 


Unit KEL-1 
[dry wt.] 


NNL-1 


P t 
arameter 02-Sep-18 02-Sep-18 


[Chromium mg | м | 8 | 
[Copper | тада | 9 | 4 | 
[Molybdenum | mgk | 14 | 06 | 
Nike À mg | 23 | 9 | 
Potassium ______-| mgkg | 40 | 60 | 
Selenium | пй | ов | <5 | 
Titanium 
Uranium | мою | 06 | 05 | 
Vanadium рю | 9 | t" | 
Target PAHs and Alkylated PAHs 


C1 substituted acenaphthene mg/kg «0.067 «0.005 


Acenaphthylene «0.0066 
Anthracene «0.0066 
Dibenzo(a,h)anthracene «0.013 


Benzo(a)anthracene mg/kg . 
Benzo(c)phenanthrene mg/kg «0.066 «0.05 
C1 substituted benzo(bjk)fluoranthene/benzo(a)pyrene 
C2 substituted benzo(bjk)fluoranthene/benzo(a)pyrene mg/kg «0.067 0.460 
«0.067 «0.005 
mg/kg 


C3 substituted benzo(a)anthracene/chrysene 
C4 substituted benzo(a)anthracene/chrysene 
Dibenzothiophene 
C1 substituted dibenzothiophene 
C2 substituted dibenzothiophene 
C3 substituted dibenzothiophene 


C1 substituted biphenyl 
C2 substituted biphenyl 
Chrysene 

C1 substituted benzo(a)anthracene/chrysene 
C2 substituted benzo(a)anthracene/chrysene 
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Table 4-11: Sediment Quality Data for Waterbody Monitoring Stations, 2018 


Unit KEL-1 NNL-1 
[dry wt.] 02-Sep-18 02-Sep-18 
C3 substituted fluorene mg/kg <0.067 0.500 
C1 substituted naphthalene 


Parameter 


Indeno(1,2,3-cd)pyrene 
Benzo(a)pyrene 
Benzo(e)pyrene 
Retene 


«0.013 
mg/kg «0.0066 
mg/kg 
mg/kg 
mg/kg 


mg/kg 


Note: dry wt. = dry weight; « = less than; mg/kg = milligrams per kilogram; PAHs = polycyclic aromatic hydrocarbons; PANHS = polycyclic 
aromatic nitrogen heterocycles. 


Acridine 
Quinoline 
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4.6.3 Quality Control 
4.6.3.1 Water Quality 


Concentrations of water quality parameters in the field blanks collected during the 2018 monitoring program were 
not notable (i.e., were below five times the DL; Appendix III, Table 111-1), with the exception of total aluminum іп 
the September field blank – the concentration of total aluminum was five times greater than the detection limit but 
was below the concentration of the corresponding late summer 2018 water quality field samples. The difference in 
total aluminum concentration between the field samples and the field blank was greater than five times the DL; 
therefore, field sample contamination was not suspected. Overall, the results indicate that field samples collected 
during 2018 sampling programs were free of contamination. 


Few parameters were above the duplicate sample QC criterion in water samples collected in 2018 (Appendix III, 
Table 11-2). No parameters were above the QC criterion in October. Of the 79 parameters 

analyzed (excluding pH), three parameters were above the QC criterion in March, three in May, and one in 
August, which represents 496, 4%, and 1% of the total analyzed parameters, respectively. Therefore, within- 
station variability was rated as low and field sampling precision was rated as high for all 2018 programs. 


Some field measured data were considered erroneous upon closer inspection. Field measured dissolved oxygen 
concentrations measured at Stations FR-1 and IYC-1 in October were invalidated due to suspected equipment 
malfunction. 


4.6.3.2 Sediment Quality 


Few parameters were above the split sample QC criteria in sediment samples collected in September and 
October 2018 (Appendix Ш, Table 111-3). Of the 95 parameters analyzed, seven parameters were above the ОС 
criteria in September, and one in October, which represents 7% and 1% of the total analyzed parameters, 
respectively. There were no parameters that were above the QC criteria for the additional organics analysis 
conducted in the October program using the new sampling and methanol preservation procedure either. 
Therefore, within-station variability was rated as low and field sampling precision was rated as high for 2018. 
4.7 Data Summary for Watercourse Monitoring Stations 

4.7.1 Guideline Comparisons 

4.7.1.1 Water Quality 


Concentrations of water quality parameters in the study area using data from 2006 to 2018 were compared to the 
relevant water quality guidelines (GOA 2018; HC 2017). Several parameters exceeded or were outside the range 
of the acute WQG, chronic WQG, and/or wildlife guidelines (Appendix V, Tables V-1 to V-8). Parameters with 
guideline exceedances were: 


m field parameters: field pH and dissolved oxygen 

m  majorions: sulphide 

m general organics: total phenolics (and/or phenol) 

m total metals: chromium, selenium, cobalt, cadmium, lead, mercury, and 
m dissolved aluminium and iron. 


Exceedances for these parameters are summarized seasonally for each watershed below. 
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Firebag River Watershed 


For the Firebag River watershed monitoring stations (Figure 4-1), field pH measurements were within the chronic 
WQG range during the baseline phase but were outside the chronic WQG range during the operational phase, 
primarily during summer and in some winter measurements (Appendix V, Tables V-1 and V-2). The summer field 
pH measurements were above the chronic WQG range, and the winter measurements were below the chronic 
WQG range during the operational phase (Appendix V, Table V-2). During both phases, dissolved oxygen 
concentrations were below the minimum acute and chronic WQGs frequently during the winter and sometimes 
during the summer. 


Conventional parameter and major ion concentrations were below the guidelines with the exception of sulphide. 
Sulphide concentrations exceeded the chronic WQG in many winter, spring and summer samples during the 
baseline phase and in a similar number of winter and spring samples during the operational phase. 


Total phenolic concentrations exceeded the chronic МОВ and wildlife guideline in many winter samples, and іп 
most spring and summer samples, during the baseline phase. Total phenolic (and phenol) concentrations 
exceeded the chronic WQG and wildlife guideline in many spring and fall samples and the chronic WQG was also 
exceeded in most summer samples during the operational phase. 


Most total and dissolved metal concentrations were below guidelines in both the baseline and operational phases. 
During the baseline phase, total chromium concentrations exceeded the chronic WQG in some winter and spring 
samples and total selenium concentrations exceeded the chronic WQG in some spring samples; no total metal 
concentrations exceeded guidelines during the operational phase. Dissolved iron concentrations exceeded the 
chronic WQG in most samples in all seasons during both the baseline and operational phases. 


Muskeg Creek Watershed 


For the Muskeg Creek watershed monitoring stations (Figure 4-1), field pH measurements were within the chronic 
WQG range during the baseline phase but were occasionally above the chronic МОС range in spring and below 
the chronic WQG range in summer during the operational phase (Appendix V, Tables V-3 and V-4, respectively). 
Dissolved oxygen concentrations were above the minimum acute and chronic WQGs in the baseline phase but 
were below the minimum chronic and acute WQGs in most winter measurements and some spring measurements 
during the operational phase. 


Conventional parameter and major ion concentrations were below guidelines with the exception of sulphide. 
Sulphide concentration exceeded the chronic WQG in all winter samples and many spring, summer, and fall 
samples during the baseline phase, and many winter, spring, and fall samples during the operational phase. 


Total phenolic (and/or phenol) concentrations exceeded the chronic WQG and wildlife guideline in all or most 
samples collected in all seasons during both phases. 


Most total and dissolved metal concentrations were below guidelines in both the baseline and operational phases. 
During the baseline phase, total chromium and cobalt concentrations exceeded the chronic МОС in most winter 
samples; some chromium concentrations also exceeded the chronic МОВ during the fall. Total mercury 
concentrations exceeded the chronic WQG for most winter samples and exceeded the acute and chronic WQGs 
in some fall samples during the baseline phase. During the operational phase, total chromium, cobalt, and 
mercury concentrations exceeded the chronic МОБ in some spring and fall samples, and total lead 
concentrations exceeded the chronic WQG in some spring samples. Dissolved aluminium concentrations 
exceeded the acute and chronic WQGs in most winter samples during the baseline phase, and some 
concentrations measured in spring and fall exceeded the chronic WQG during the operational phase. Dissolved 


iron concentrations exceeded the chronic WQG in all winter samples and many summer and fall samples during 
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the baseline phase. Dissolved iron concentration exceeded the chronic WQG for most samples in all seasons 
during the operational phase. 


Muskeg River Watershed 


For the Muskeg River watershed monitoring stations (Figure 4-1), field pH measurements were within the chronic 
WQG range during the baseline phase but were occasionally outside the chronic МОВ range in winter, summer, 
and fall during the operational phase (Appendix V, Tables V-5 and V-6, respectively). Some summer field pH 
measurements exceeded the chronic WQG range, and most other pH measurements were below the chronic 
WQG range in all seasons during the operational phase. Dissolved oxygen concentrations were below the 
minimum acute and chronic WQGs for most winter, and many summer and fall measurements during the baseline 
phase. During the operational phase, dissolved oxygen concentrations were below the minimum acute and 
chronic WQGs for most winter, summer and fall samples, and were below the minimum chronic WQG for some 
spring measurements. 


Conventional parameter and major ion concentrations were below guidelines with the exception of sulphide. 
Sulphide concentrations exceeded the chronic WQG in some winter, summer, and fall samples during the 
baseline phase, and most summer and fall samples and several winter and spring samples during the operational 
phase. 


During the baseline phase, total phenolics concentrations exceeded the wildlife guideline in all or most of the 
winter, summer, and fall samples, and exceeded the chronic WQG in most summer and fall samples. During the 
operational phase, total phenolics (and/or phenol) concentrations exceeded the wildlife guideline in all or most 
samples in all seasons and exceeded the chronic WQG in many winter, spring, and fall, and a few summer 
samples. 


Most total and dissolved metal concentrations were below guidelines in both the baseline and operational phases. 
During the baseline phase, total cadmium concentrations exceeded the chronic WQG in some summer samples. 
During the operational phase, total chromium and mercury concentrations exceeded the chronic WQG in a few 
winter samples, and mercury concentrations also exceeded the chronic WQG in a few spring samples. Dissolved 
iron concentrations exceeded the chronic WQG in most winter and summer samples, and many spring and fall 
samples during the baseline phase. Dissolved iron concentrations exceeded the chronic WQG in most summer 
and fall samples and many winter and spring samples. 


Wapasu Creek Watershed 


For the Wapasu Creek watershed monitoring station (Figure 4-1), field pH measurements were within the chronic 
WQG range during the baseline phase but were below the chronic WQG range for а few summer measurements 
during the operational phase (Appendix V, Tables V-7 and V-8, respectively). Dissolved oxygen concentrations 
were above the minimum acute and chronic WQGs during the baseline phase but were below the minimum acute 
and chronic WQGs in many winter and summer samples during the operational phase. 


Conventional parameter and major ion concentrations were below guidelines with the exception of sulphide. 
Sulphide concentrations exceeded the chronic WQG in all or most baseline phase samples in all seasons, and 
many operational phase samples in all seasons. 


During the baseline phase, total phenolics exceeded the chronic WQG and wildlife guideline for all or most 
samples in summer and fall. During the operational phase, total phenolics (and/or phenol) exceeded the chronic 
WQG in many winter, spring and summer samples and most fall samples, and exceeded the wildlife guideline in 
all or most samples in every season. 
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All total metal concentrations were below guidelines during both the baseline and operational phases. Dissolved 
iron concentrations exceeded the chronic МОВ in all winter and summer samples during the baseline phase and 
exceeded the chronic WQG in most summer samples and many winter, spring and fall samples in the operational 
phase. 


Summary 


The number of guideline exceedances in all watersheds were similar in the baseline phase compared to the 
operational phase for most parameters; however, field pH was measured outside the chronic WQG more 
frequently in the operational phase in all watersheds. This pattern was also observed for dissolved oxygen 
concentrations at Muskeg and Wapasu creeks. Dissolved oxygen concentrations were below the minimum WQGs 
more frequently during winter and summer. This seasonal trend is expected, because dissolved oxygen cannot be 
replenished from contact with the atmosphere during ice-cover, and aerobic respiration by bacteria in sediments 
results in increased oxygen demand in summer (McNeely et al. 1979). Sulphide and total phenolics (and/or 
phenol) concentrations exceeded guidelines consistently in all seasons in both phases. There were no strong 
seasonal trends for total or dissolved metal concentrations; however, the fewest guideline exceedances were 
observed in summer. In general, more metal parameters exceeded guidelines in the Muskeg Creek watershed 
relative to other watersheds. 


4.7.1.2 Sediment Quality 


Most sediment parameter concentrations were below the CCME (1998) ISQG and PELs, with the exception of two 
metals and a number of PAHs (Appendix VI, Tables VI-1 and VI-2). During the baseline phase, one concentration 
of total copper (in 2009), acenaphthene (in 2007) and naphthalene (in 2006) exceeded the ISQG in the Muskeg 
Creek watershed at Station KEL-1. Concentrations of acenaphthene (in 2007) and chrysene (in 2006, 2007, 2009, 
and 2010) occasionally exceeded the ISQG in Muskeg River (Station MUR-D2) during the baseline phase. During 
the operational phase, one concentration of total chromium (in 2015), acenaphthene (in 2013), and fluorene (in 
2013) in Wapasu Creek (Station WAC-1) and one concentration of dibenzo(a,h)anthracene (in 2011) in Muskeg 
River (Station MUR-D2) exceeded the ISQG. In Firebag River at Station FR-1, concentrations of acenaphthylene 
(in 2017), dibenzo(a,h)anthracene (in 2017), chrysene (in 2013), pyrene (in 2013, 2014, 2017, and 2018), and 
benzo(a)pyrene (in 2013 and 2014) also exceeded the 1506 in the operational phase. The concentrations of 
hydrocarbons and PAHs suggest that the sediment sample collected contained eroded oil sands in both the 
baseline and operational phases. 


4.7.2 Temporal Trends in Water Quality 


Time series plots of key water quality parameters (i.e., parameters that showed temporal trends and other 
selected parameters) are presented in Figures 4-2 to 4-11. Time series plots for all other parameters are provided 
in Appendix VII. Plots were grouped by watershed as follows: 


m  Firebag River (panel a; Stations ET-1, CT-1, WT-1 and FR-1); 

m Muskeg River (panel b; Stations MR-2, MUR-6, ABO7DA0440 and ABO7DA0475); 
m Muskeg Creek (panel c; Stations IYC-1, KEL-1 and MUC-1); and 

m  Wapasu Creek (panel d; Station WAC-1). 


On these plots, a solid vertical line separates the baseline phase from the construction phase, and a dashed 
vertical line marks the beginning of the operational phase. 
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Field measured water quality parameters, conventional parameters, major ions and nutrients generally did not 
show temporal trends or showed only weak trends (Appendix VII). In the operational phase, field measured pH 
was more variable over time in Muskeg River and Muskeg Creek but did not show an overall trend (Appendix VII, 
Figure VII-1). No temporal trends were identified for dissolved oxygen concentrations; however, some lower 
concentrations were measured in the operational phase at Muskeg Creek and the construction phase at Wapasu 
Creek, relative to the baseline phase (Appendix VII, Figure VII-4). This pattern is due to the seasonality of 
dissolved oxygen concentrations and reflects the lack of winter samples collected in the baseline phase. 


Calcium, magnesium, and chloride concentrations in Wapasu Creek varied over a wide range during the 
construction and operational phases (1 to 12 mg/L, 18 to 181 mg/L, and 6.4 to 28 mg/L, respectively) compared to 
the baseline phase (Appendix VII, Figures VII-14, VII-15, and VII-20). As calcium, magnesium, and chloride are 
major components of TDS, TDS concentrations also varied during the construction phase in Wapasu Creek but 
did not show an increasing or decreasing trend over time (Figure 4-2). In the operational phase, a wider range of 
concentrations in Wapasu Creek was observed for field and laboratory measured specific conductivity, hardness, 
total alkalinity, and bicarbonate, than during the baseline phase (Appendix VII, Figures VII-2, VII-6, VII-7, VII-8, 
and VII-18). Concentrations of major ions such as calcium, magnesium, and bicarbonate, influence conductivity, 
alkalinity, and hardness measurements, so a similar trend between all these parameters is expected (McNeely et 
al. 1979). The range of sulphate and sulphide concentrations was higher in Muskeg River after project operations 
began (Appendix VII, Figures VII-21 and VII-22). 


Total ammonia, total phosphorus, and BOD concentrations were higher in Muskeg River after project operational 
began (Appendix VII, Figures VII-24, VII-26, and МІІ-28); no trends were observed for these parameters іп the 
other three watersheds. 


Four elevated total phenolics concentrations, relative to baseline concentrations, were observed at Station MR-2 
in Muskeg River during the operational phase (Figure 4-3); however, an elevated concentration was also 
observed at Station MUR-6 in the Muskeg River during the baseline phase. Total phenolics concentrations show 
an overall decrease over time in all other watersheds. 


Total and dissolved metals generally did not show temporal trends (Appendix VII), including metals that exceeded 
water quality guidelines (i.e., total chromium, selenium, cadmium, lead, mercury and dissolved aluminium), with 
the exception of total cobalt and dissolved iron, which appear to have increased at some stations in the Muskeg 
River after the construction phase (Figures 4-4 and 4-5). Concentrations of these parameters above water quality 
guidelines were common during the baseline phase, suggesting they are naturally above guidelines in the 
monitored watersheds (Section 4.7.1). In general, most metal concentrations were elevated at some point during 
construction and early operational phase but did not show any long-term trends. 


Total and dissolved arsenic concentrations appear to have increased at some stations in the Muskeg River after 
the construction phase (Figure 4-6; Appendix VI, Figure VII-61). Total and dissolved antimony concentrations 
have decreased in the Firebag River since the baseline phase (Figure 4-7; Appendix VII, Figure VII-60). During 
the construction and operational phases, the range of total and dissolved manganese concentrations measured at 
Wapasu Creek and two stations in Muskeg River (i.e., MUR-6 and MR-2) was greater than during the baseline 
phase (Appendix VII, Figures МІІ-46 and VII-72). Methyl mercury concentrations have increased in the Muskeg 
River over time; the range in concentrations measured during the operational phase is greater than during the 
baseline and construction phases (Figure 4-8). The range of total and dissolved molybdenum concentrations 
measured in Muskeg Creek was greater during the operational phase relative to the baseline phase at Station 
IYC-1 (Appendix VII, Figures VII-49 and VII-74). Total titanium and vanadium concentrations measured in Muskeg 
Creek have decreased in the operational phase relative to the construction and baseline phases (Figures 4-9 and 
4-10); a similar pattern was observed for dissolved titanium and vanadium (Appendix VII, Figures МІІ-80 and 
VII-82). Total and dissolved zinc concentrations measured in the Firebag River have decreased in the 
construction and operational phases relative to the baseline phase (Figure 4-11; Appendix VII, Figure VII-83). 
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48 Summary of Muskeg Lake Water and Sediment Quality 
4.8.1 Guideline Comparisons 
4.8.1.1 Water Quality 


Water in Muskeg Lake was slightly alkaline and well-oxygenated in all sampling years, with the exception of 
dissolved oxygen in winter 2018, which was below the chronic WQG (Table 4-12). Although the winter 2018 
dissolved oxygen level was below the chronic WQG (GOA 2018), it was above the acute WQG and remained 
highly suitable for the fish species present in Muskeg Lake (optimal dissolved oxygen concentrations of 2.0 to 
6.0 mg/L – Golder 2008). Concentrations of TDS ranged from 150 to 320 mg/L and were well below the wildlife 
guideline of 3,000 mg/L. Total and dissolved organic carbon concentrations were found at moderate to high 
concentrations, ranging from 16 to 22 mg/L and 17 to 22 mg/L, respectively. Colour has declined over time. 
Concentrations of conventional parameters, major ions and nutrients were all below guidelines. Most 
concentrations of total phenolics (and/or phenol) were above the wildlife guideline and sometimes above the 
chronic МОВ. All metal concentrations were below guidelines. Concentrations of PAHs and РАМН$ were 
generally below the DLs (with the exception of most naphthalene results) and were below guidelines in all 
samples. 
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4.8.1.2 Sediment Quality 


Concentrations of most sediment quality parameters in Muskeg Lake were below guidelines (Table 4-13). Sand 
was the dominant fraction of inorganic bottom sediments and TOC content was low, which is unusual for natural 
lake sediments in the region but not unexpected for this newly constructed lake. It is expected that over time the 
fine sediment fraction and TOC of Muskeg Lake sediments will increase to values typical of other lakes in the 
region. Concentrations of metals were generally low; however, concentrations of aluminum (1,500 to 4,400 mg/kg) 
calcium (24,000 to 39,000 mg/kg), iron (6,000 to 8,800 mg/kg), and magnesium (6,000 to 11,000 mg/kg) were 
high. However, there are no sediment quality guidelines for these metals (CCME 1998) and high concentrations 
were also recorded in for these metals in Kearl Lake. 


Organic, PAH and PANH parameters were below the sediment quality guidelines (CCME 1998) with five 
exceptions — concentrations of acenaphthylene (in 2016), acenaphthene (in 2016), pyrene (in 2013, 2015, 2016, 
and 2018), benzo(a)pyrene (іп 2013 and 2016) and dibenzo(a,h)anthracene (іп 2013, 2016, 2017, апа 2018) 
were occasionally above the ISQGs (Table 4-13). All concentrations were below the PELs. The concentrations of 
hydrocarbons and РАН$ suggest that the sediment sample collected in the Muskeg Lake contained eroded 

oil sands. 
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4.8.2 Тетрога! Trends in Water Quality in Muskeg Lake 


Time series plots for Station NNL-1 water quality parameters that exceeded water quality guidelines, and other 
parameters that showed temporal trends, are presented in Figures 4-12 to 4-26. Plots for the remaining 
parameters are provided in Appendix VII. On these plots, a dashed vertical line marks the beginning of the 
operational phase. 


Field measured water quality parameters, conventional parameters, ions and nutrients either did not show 
temporal trends, or showed only weak trends (Appendix VII). Field measured specific conductivity showed a slight 
decreasing trend in Muskeg Lake over time, but this trend was weaker in the laboratory specific conductivity 
measurements (Figures 4-12 and 4-13). Temperature and dissolved oxygen concentrations showed no temporal 
trends, but both varied seasonally, with low values occurring during winter (Figures 4-14 and 4-15). Concentration 
of the major ions sodium and chloride showed increasing trends (Figures 4-16 and 4-17). 


There was an increasing trend over time for total Kjeldahl nitrogen, and potentially for total 
phosphorus (Figures 4-18 and 4-19). 


Total phenolics (and/or phenol) concentrations did not show a temporal trend (Figure 4-20; Appendix VII, 
Table VII-113). 


Generally, temporal trends were not identified for total and dissolved metals (Appendix VII). Most metals showed 
a few high concentrations at some point during construction and early operational phase but did not show a long- 
term trend. However, there were increasing trends in total aluminium, cobalt, iron, manganese, and titanium 
concentrations (Figures 4-21, 4-22, 4-23, 4-24, and 4-25) and a decreasing trend was apparent in total and 
dissolved uranium (Figure 4-26, Appendix VII, Figure VII-164). 
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Figure 4-13: 
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Time Series Plot at Station NNL-1 for Laboratory Specific Conductivity 
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Figure 4-14: Time Series Plot at Station NNL-1 for Field Measured Temperature 
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Figure 4-15: Time Series Plot at Station NNL-1 for Field Measured Dissolved Oxygen 
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Figure 4-16: Time Series Plot at Station NNL-1 for Sodium 
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Figure 4-17: Time Series Plot at Station NNL-1 for Chloride 
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Figure 4-18: 
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Time Series Plot at Station NNL-1 for Total Kjeldahl Nitrogen 
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Figure 4-19: 
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Time Series Plot at Station NNL-1 for Total Phosphorus 
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Figure 4-20: Time Series Plot at Station NNL-1 for Total Phenolics 
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Figure 4-21: Time Series Plot at Station NNL-1 for Total Aluminum 
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Figure 4-22: Time Series Plot at Station NNL-1 for Total Cobalt 
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Figure 4-23: Time Series Plot at Station NNL-1 for Total Iron 
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Figure 4-24: Time Series Plot at Station NNL-1 for Total Manganese 
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Figure 4-25: Time Series Plot at Station NNL-1 for Total Titanium 
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Figure 4-26: Time Series Plot at Station NNL-1 for Total Uranium 


49 Comparison of Monitoring Data to Predicted Conditions in Muskeg 
Lake 


Water quality model predictions for Phase | (2007 to 2024) of Muskeg Lake presented in the Kearl 
NNLP (Imperial Oil 2007) were generally confirmed by the monitoring data collected to date. As expected, the 
characteristics of Muskeg Lake were usually similar to, or trending towards, Kearl Lake conditions. 


4.9.1 Trophic Status 


Based on total nitrogen and total phosphorus concentrations measured in late-summer (and spring 2012), the 
trophic status of Muskeg Lake was categorized as oligotrophic from 2012 to 2016, and mesotrophic in 2017 and 
2018 (Table 4-14). This is consistent with model predictions, which indicated that Muskeg Lake would eventually 
be mesotrophic to meso-eutrophic (Imperial Oil 2007), matching Kearl Lake. As predicted, Muskeg Lake nutrient 
concentrations were initially less than those measured in Kearl Lake, but became similar to Kearl Lake 

(i.e., mesotrophic to meso-eutrophic) over time (Tables 4-14 and 4-15) (Imperial Oil 2007). 


4.9.2 Water Temperature 


Temperature at Muskeg Lake was predicted to be isothermal year-round (Imperial Oil 2007). The monitoring data 
shows that Muskeg Lake was isothermal during the late summer/early fall, but not during winter and spring in 
2018 (Figure 4-27). Winter temperatures throughout the water column at Muskeg Lake showed a similar pattern 
as Kearl Lake (Figure 4-27); temperature was just above 0°С at the top of the water column and increased to just 
under 4°C after the first few metres. Muskeg Lake is deeper than Kearl Lake and therefore temperature could not 
be compared between the two lakes past 2 m depth. From approximately 2 m to the bottom of the water column, 
temperatures were approximately 4°С in Muskeg Lake, a typical condition in pelagic areas due to water reaching 
its highest density at 4°C and settling in the lower portion of the lake. In spring Muskeg and Kearl lakes were 
isothermal (at approximately 16?C) for the first 2 to 3 m, but beyond 3 m depth, temperature decreased steeply, 
indicating thermal stratification. Both lakes were isothermal during late summer/early fall at approximately 

10°С (Figure 4-27). The winter temperature ranges measured in 2018 at Muskeg Lake during the seasonal survey 
match the winter model predictions (0°C to 3°C). The late summer seasonal temperature measurements were 
lower in summer (range of 9°C to 11°C) than what was predicted for summer temperatures in Muskeg Lake 
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(i.e., 15°C to 25°С), as would be expected based on the timing of the survey (i.e., late summer). This pattern 
occurred in Kearl Lake as well, indicating the two lakes had similar temperature regimes. Section 5.6.3.2 provides 
a more detailed assessment of summer temperatures based on the datasondes that were deployed for the fish 
habitat monitoring program. 


4.9.3 Dissolved Oxygen 


In open-water seasons, stratification was predicted to be negligible and concentrations of dissolved oxygen were 
predicted to be greater than 7 mg/L (Imperial Oil 2007). Summer 2018 dissolved oxygen measurements showed 
no indication of oxygen stratification during the summer in Muskeg Lake or Кеагі Lake – dissolved oxygen 
concentrations were always higher than 7 mg/L in Muskeg Lake, as predicted, but not in Kearl Lake (Figure 4-28). 
In spring, 2018 dissolved oxygen concentrations showed negligible stratification throughout most of the water 
column in both lakes, but some fluctuation occurred in Muskeg Lake at 4 m; however, dissolved oxygen 
concentrations were still greater than 7 mg/L throughout the water column. Dissolved oxygen concentrations were 
highest in late summer/early fall in both lakes in 2018 (approximately 10 mg/L) and lowest in the winter in both 
lakes (approximately 2 to 6 mg/L and 2 to 3 mg/L in Muskeg Lake and Kearl Lake, respectively), which is 
consistent with model predictions (Imperial Oil 2007). Concentrations of dissolved oxygen in the late winter were 
predicted to be 0 mg/L within 1 m of the lake bed in Muskeg Lake and 5 mg/L or higher in the rest of the water 
column (Imperial Oil 2007). 


The annual monitoring data indicates that the dissolved oxygen predictions were accurate for most years, with 
dissolved oxygen levels of 5 to 11 mg/L in the mid to upper water column, and as low as 0.67 near the lake bed in 
one year (2017). In 2018 however, dissolved oxygen concentrations were less than 5 mg/L in the mid water 
column (Figure 4-28), although they were 5 mg/L or higher in the upper water column and were higher than 
predicted near the lake bed (2.2 mg/L). Overall, dissolved oxygen conditions do not fully match the winter 
predictions for Muskeg Lake. Additional evaluation of dissolved oxygen levels in Muskeg Lake is provided in 
Section 5.6.3.4 based on the datasondes that were deployed for the fish habitat monitoring program and the 
habitat suitability requirements of the fish species present in the lake. 


4.9.4 Total Dissolved Solids 


Concentrations of TDS in Muskeg Lake ranged from 150 mg/L to 320 mg/L from 2012 to 2018 (Appendix VII, 
Figure VII-92) but did not show an increasing or decreasing trend. In the NNLP, concentrations of TDS were 
predicted to increase by about 30 mg/L over the long-term (approximately 200 years) (Imperial Oil 2007). 
Although no increasing pattern was observed or expected yet, variability in TDS concentrations was observed 
from 2012 to 2016, after which concentrations stabilized at approximately 200 mg/L (Appendix VII, Figure МІІ-92). 
Compared to predictions, concentrations of TDS in Phase 1 Muskeg Lake were initially more variable than the 
predicted range of 230 mg/L to 245 mg/L but stabilized at a lower concentration than what was 

predicted (Imperial Oil 2007). In Kearl Lake, TDS concentrations also did not show a temporal trend (Figure 4-2) 
and ranged from 100 mg/L to 260 mg/L between 2006 and 2018. Concentrations of TDS in Muskeg Lake were 
within the range measured at Kearl Lake, with the exception of one higher measurement during the lake filling 
period (320 mg/L in 2012). Comparable TDS ranges between lakes indicates that Muskeg Lake can be 
characterized as similar to Kearl Lake. Since lake filling (i.e., excluding 2012), concentrations of TDS in Muskeg 
Lake were 200 to 250 mg/L in the winter and somewhat lower (150 mg/L to 200 mg/L) in the spring, confirming 
the prediction that concentrations of TDS would be lower in spring (Imperial 2007). 
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Table 4-14: Тгорһїс Status and Nutrient Concentrations їп Muskeg Lake, 2012 to 2018 
Imperial Sampling Program 
Parameter Unit 2012 2013 2014 2015 2016 2017 2018 
May September August August September September September 


Physical Parameters 


Secchi Depth 321053 180019 | 08 | 19 | 


Nitrate — — — — [mgN/L| «0.003 «0.01 «0.01 0.017 
[Nitrite ________| тами | «0.003 <0.01 <0.01 


ао 0.81 
[Total nitrogen® — — |mgN/L| 048 | 04 | 085 | 066 | 0.64 14 
[Total phosphorus |mg-P/L| 000 | 0.010 | 0007 | 00057 | 0006 | 0.018 | 0.024 | 


Trophic Status) 


|-____________| _-_-| Oligotrophic | Oligotrophic | Oligotrophic | Oligotrophic | Oligotrophic | Mesotrophic | Mesotrophic 
@ Total nitrogen = (total Kjeldahl nitrogen) + (nitrate + nitrite) 
(? Determined using total nitrogen and total phosphorus concentrations and Secchi depth. Chlorophyll a data were not available. 

Note: - = data not available or not applicable; mg-N/L = milligrams of nitrogen per litre; mg-P/L = milligrams of phosphorus per litre; < = less 
than. 


Table 4-15: Trophic Status and Nutrient Concentrations in Kearl Lake, 2012 to 2018 


RAM Sampling Program Imperial Sampling Program 
Parameter Unit 2012 2013 2014 2015 2016 2017 2018 
September September August August September  -? September 


Physical Parameters 


Secchi Depth [Lm fe се а БЕТ 42:914 | 120135 ] - |. 32... | 


[Nitrate [mønu] 005 | 00% | 002 | <чо | <01 | - | <001 | 
[Nitrite ______-_| тами | 005 | 005 | «001 | <0 | «00! | - | <001 | 
[Nitrate + пите ____| тами | 0.071 | 0.071 | 002 | <002 | <002 | - | <004 | 
[Total ammonia ____| то ми | 005 | 005 | 0065 | <005 | <005 | - | 0.022 | 
[Total Kjeldahl nitrogen | mg-N/L | 125 | 093 | 077 | оз | os | - | | 
[Total nitrogen® _ [тм 12 | 7100 | 079 | 079 | o6 | - | 147 | 
[Total phosphorus — |mg-P/L| 0.0202 | 00315 | 0.0100 | 00260 | 00140 | - | 00450 | 
[Dissolved phosphorus | mg-P/L| 0.0074 | 0.0079 | 0.0040 | 0.0089 | 00073 | - | 0007 | 


Trophic Status(? 


б С. === |" ел | Mesotrophic | Mesotrophic | Oligotrophic | Mesotrophic Oligotrophic | - | Mesotrophic 


@) Sample not collected due to bear activity in the sampling area. 
t) Total nitrogen = (total Kjeldahl nitrogen) + (nitrate + nitrite). 

© Determined using total nitrogen and total phosphorus concentrations and Secchi depth. Chlorophyll a data were not available. 
Note: RAM = Regional Aquatics Monitoring; - = data not available ог not applicable; mg-N/L = milligrams of nitrogen per litre; mg-P/L = 
milligrams of phosphorus per litre; < = less than. 
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Temperature (°C) at Muskeg Lake 


e 
~ 
A 


6 8 10 12 14 


= 
о 


18 


Depth (т) 
A о 


сл 


mWinter OSpring aSummer 


Temperature (°С) at Kearl Lake 


0 2 4 6 8 10 12 14 16 18 
0 
"n L 2 a 
1 gu = -n 
€b 
2 —e4 8 
E 3 En 
£ Е 
84 | 
а 
5 
| pure 
7 
mWinter OSpring aSummer 
Note: Different shaped markers represent replicate temperature profiles measured during each program. 
Figure 4-27: Temperature Profiles in Muskeg and Kearl Lakes in 2018 
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Dissolved Oxygen (mg/L) at Muskeg Lake 
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Note: Different shaped markers represent replicate temperature profiles measured during each program. 


Figure 4-28: Dissolved Oxygen Profiles in Muskeg and Kearl Lakes in 2018 
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5.0 FISH AND FISH HABITAT PROGRAM 
5.1 Fish and Fish Habitat Monitoring Program Overview 


As per the long-term SWFM Plan (Imperial Oil 2009a), the fish and fish habitat component of the 2018 monitoring 
program consisted of the following activities designed to collect fish habitat and fish population data for evaluating 
the biological development of Muskeg Lake, and data for assessing fish populations in Kearl Lake following 5 
years of connection to Muskeg Lake. 


m Collect habitat data in Muskeg Lake relative to assessing habitat development and lower-level productivity 
(i.e., key water quality parameters, macrophyte distribution, plankton sampling and benthic invertebrate 
sampling). 


m Conducta habitat-based fisheries inventory in Muskeg Lake to assess species colonization, composition, 
abundance and biomass. 


m Conducta fisheries inventory in Kearl Lake to assess species composition, abundance and biomass. 


Muskeg Lake (Station NNL-1) and Kearl Lake (Station KEL-1) were the only fish and fish habitat monitoring 
stations in 2018 (Figure 2-1, Table 5-1). Two monitoring surveys were completed, a spring survey and a late 
summer survey. The 2018 survey dates were: 25 to 30 May (spring), and 29 August to 4 

September (late summer). Data concerning winter habitat conditions (e.g., late winter dissolved oxygen levels) 
were obtained from the results of the late winter survey conducted for the water quality program (7 March). 


Sampling of Muskeg Lake was conducted at representative locations within the waterbody. Habitat 
parameters (i.e., in-situ water quality profile measurements) and plankton sampling was conducted at the deepest 
location in the lake. Continual in-situ water quality parameter monitoring was conducted by installing two data 
loggers – one each in the littoral (i.e., <3 m deep) and pelagic (i.e., >3 m deep) zones. Aquatic vegetation 
mapping was conducted for the littoral zone. Benthic invertebrate sample collection was conducted in both the 
littoral and pelagic zones. Fish sampling was conducted for the lake in general (gill-netting), or by individual meso- 
habitat (minnow trapping and portable boat electrofishing). 
Table 5-1: Fish and Fish Habitat Monitoring Station, 2018 

UTM Coordinates 


a Watercourse or Habitat UM 
Centre of Waterbod 
Station Waterbody Сноу Description (Ce y) 


Easting Northing 


NNL-1 Muskeg Lake Phase | Compensation Lake 486900 6351832 
KEL-1 Kearl Lake Connected to Muskeg Lake 6349749 


Note: See Figure 2-1 for station location; UTM = Universal Transverse Mercator Coordinates, North American Datum (МАО) 1983, Zone 12. 


Sampling of Kearl Lake for fish population data was conducted in representative littoral habitats throughout the 
lake, as this lake consist entirely of shallow littoral habitat. 


Monitoring activities conducted in 2018 for Muskeg Lake and Kearl Lake comply with the long-term SWFM 
Plan (Imperial Oil 2009a). The 2018 monitoring activities are listed in Table 5-2 and monitoring details are 
presented in Section 5.2. 
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For Muskeg Lake, habitat-based sampling was completed throughout the lake for the portion of the fish sampling 
program that was conducted by minnow trapping. Minnow traps were deployed into the different meso-habitats in 
Muskeg Lake to sample for small-bodied forage fish and smaller life stages (fry, juvenile) of large-bodied fish. 
Identification and descriptions for the meso-habitat types in the Muskeg Lake (Table 5-3) were based on the 
habitat types presented in the species-specific fish habitat suitability index (HSI) models that were developed for 
use in the oil sands region (Golder 2008), and which were used in the design of Muskeg Lake. Large-bodied fish 
sampling by gill netting was conducted throughout the lake to determine species composition. Supplemental 
portable boat electrofishing passes were conducted in the shallow meso-habitats in Muskeg Lake in the late 
summer to sample for small and large-bodied fish. Fish sampling methods are present in Section 5.2.5. 


Table 5-2: Fish and Fish Habitat Monitoring Activities by Season, 2018 


Activit азо Muskeg Lake Kearl Lake (Station 
у (Station NNL-1) KEL-1) 


Habitat Suitability Index Variables 
(in-situ water quality) 


Continual (spring through late summer) 
Aquatic Macrophytes 


Plankton 


Benthic Invertebrates Late Summer 


Fish Populations Spring 


Late Summer 
Note: У = monitoring conducted in 2018; - = monitoring not planned/conducted. 


| 


Table 5-3: Muskeg Lake Meso-Habitat Definitions, 2018 
Meso-Habitat Type Meso-Habitat Description 


Shallow Littoral (0 to 2 m deep) with fine substrate and no cover 


Shallow Littoral (0 to 2 m deep) with fine substrate and moderate to high density aquatic 
macrophyte cover 


Shallow Littoral (0 to 2 m deep) with fine substrate and large woody debris cover 
Shallow Littoral (0 to 2 m deep) with gravel/cobble substrate 
Deep littoral to mid pelagic (>2 to 5 m deep) with fine substrate and no cover 


Deep littoral to mid pelagic (>2 to 5 m deep) with gravel/cobble substrate 


Deep littoral to mid pelagic (>2 to 5 m deep) with fine substrate and boulder garden cover 


Deep littoral to mid pelagic (>2 to 5 m deep) with fine substrate and large woody debris cover 


Deep pelagic (>5 to 7 m deep) with fine substrate and no cover 


Ju | 


Note: >= greater than; т = metres. 
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5.2 Monitoring Methods 


The monitoring methods are described below for each of the 2018 monitoring activities identified in Table 5-2. 


5.2.1 Habitat Suitability Data 


The collection of data for habitat suitability analysis was done at representative locations in Muskeg 

Lake (Station NNL-1). Data collection involved the habitat variables (i.e., physical habitat and physio-chemical 
parameters) that have been identified as being determinants of fish habitat suitability for the fish species known, 
or assumed, to be present in the monitored habitats, based on the habitat suitability index (HSI) models 
developed for use in the oil sands region (Golder 2008). Data collection for habitat suitability index variables 
occurred on a seasonal or continuous basis, as appropriate for the relevant habitat variables. Seasonal data were 
collected during the spring and late summer surveys for Muskeg Lake, while continuous data were collected from 
spring to late summer using dataloggers. Some of the variables for habitat suitability analysis were collected in 
Muskeg Lake as part of the macrophyte assessment (Section 5.2.2). 


Physio-chemical parameters, (i.e., water temperature, dissolved oxygen, pH and conductivity) were measured as 
part of the habitat suitability assessment. Profile data were collected during the seasonal surveys by in-situ 
measurements of water quality parameters along a vertical profile. At a minimum, one profile was collected per 
season at the deepest part of Muskeg Lake, with additional profiles completed at various locations in the lake 
during the late summer survey. Profile measurements were completed using an YSI Model 556 multi-parameter 
water quality meter. 


In addition to seasonal measurements in Muskeg Lake, continuous measurements are needed to better define the 
ranges and temporal distribution of the relevant water quality data in order to provide the inputs for the HSI 
models. Some of the species-specific models also require monitoring in both the littoral and pelagic zones of the 
lake. To collect continuous data, two Aqua-Troll 600 multi-parameter water quality dataloggers (datasondes) were 
installed in Muskeg Lake during the spring survey — one at 1.5 m below the surface in the littoral zone (water 

3.0 m deep), and one at 4.0 m below the surface in the pelagic zone (water 6.6 m deep). The datasondes were 
set to record measurements every hour and were left in place until the late summer survey. The pelagic 
datasonde provided a continuous record for the period of deployment. However, due to logger malfunction, the 
littoral datasonde stopped recording data a few days after being deployed and data could not be extracted from 
the logger. 


5.2.2 Aquatic Macrophytes 


At the Muskeg Lake monitoring station (NNL-1), mapping of the distribution of aquatic macrophytes was 
conducted throughout the littoral zone, where plants could be observed from the surface. The following 
macrophyte parameters were recorded: 


m average cover (96); 
m  planttype (submergent or emergent); and 
m dominant species/genera. 


Photographs were taken at Muskeg Lake to show general habitat conditions, including shoreline and riparian 
areas, and the connector channel to Kearl Lake. 
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5.2.3 Plankton 


Plankton sampling was conducted at the Muskeg Lake monitoring station (NNL-1) to help provide a measure of 
developing lake productivity. Plankton samples were collected to characterize the plankton 

communities (phytoplankton and zooplankton) in terms of community composition, taxonomic richness, 
abundance (density) and biomass. Zooplankton and phytoplankton samples were collected during the late 
summer survey. Three zooplankton and three phytoplankton samples were collected from the lake, one from each 
of three representative sampling sites in the deepest portion of the lake. At each of the three sampling sites, a 
composite sample was obtained by collecting a number of samples, which were combined to form a single 
sample. The three composite samples were analyzed separately to determine mean values for the lake. 


Phytoplankton samples were collected from the euphotic zone (i.e., zone of light penetration defined as two times 
the Secchi depth) using a Van Dorn water sampling bottle with a sampling volume of 2.2 L (Table 5-4). Each of 
the three composite samples consisted of water collected from regular depths (0.7 m intervals) throughout the 
euphotic zone. The discrete water samples collected from each depth interval were combined in a large sample 
container to provide a single depth integrated sample. A one-litre sample was collected from each composite 
sample and preserved with Lugol's solution (3 mL). 


Table 5-4: Summary of Phytoplankton Sample Collection in Muskeg Lake, 2018 


Depth of 
Euphotic Zone 


Amount of Water 
Grab Depths (m) Collected per 
Grab (L) 


Secchi Depth Number of Grabs 
(m) per Replicate 


| 0.7, 1.4, 2.1, 2.8, 3.5 
| 49 | 0.7, 1.4, 2.1, 2.8, 3.5 
0.7, 1.4, 2.1, 2.8, 3.5 


Location Replicate 


of Lake (6.7 m) 


1 
Deepest Portion 
3 


Note: m = metres; L = liters. 


Zooplankton samples were collected using a 25 cm diameter, 74 um mesh Wisconsin plankton net with a 
sampling area of 0.049m2. Each of the three composite samples consisted of two vertical plankton net hauls that 
were performed at each sampling site and combined to form a single composite sample. Each individual haul was 
conducted by hauling the plankton net vertically through the water column at a rate of approximately 0.5 m/s. The 
total distance hauled was recorded for each haul and used to calculate the volume of water filtered through the 
net per haul (i.e., haul distance [m] x sampling area [m?] = lake volume filtered [m?]; Table 5-5). Samples from the 
two hauls were combined in one sample container and preserved with half an Alka-Seltzer tablet and 596 buffered 
formalin solution. 


Table 5-5: Summary of Zooplankton Sampling in Muskeg Lake, 2018 


Plankton Net Plankton Net Келей nar Lake Total Lake 
Mouth Mouth Area қыр (т) Volume Filtered Volume Filtered 
Diameter (m) (m?) per Наш! (m?) per Sample (m?) 


Deepest 0.049 0.279 0.558 


Number 


Location Replicate of Hauls 


| | 
Portion of Lake 
! 


ЕЦ) 


Note: m = metres; т?= metres squared; т? = cubic metre. 


0.279 0.558 
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Plankton samples were submitted to an independent laboratory (Маххат Analytics) for analysis of taxonomic 
composition and abundance (identification and enumeration to the lowest practical taxonomic level) and estimates 
of biomass. Counts of organisms were converted to abundance based on the volume of lake 

sampled (i.e., number of organisms per т? for zooplankton and number of organisms per |. for phytoplankton). 
Some analyses were limited to common plankton taxa to reduce the data complexity — common plankton taxa 
were defined as taxa that accounted for 4% or more of the total biomass. 


This report includes the plankton data for samples collected in 2017 and 2018 at Muskeg Lake, as the 2017 data 
was not available for inclusion in the 2017 Annual Monitoring Report (Golder 2017). A summary of available 
plankton sampling results to date for Muskeg Lake are included in the summary of the current biological 
development of the lake (Section 5.4). 


5.2.4 Benthic Invertebrates 


Benthic invertebrate samples were collected during the late summer survey at Muskeg Lake (Station NNL-1) to 
monitor the colonization and development of benthic invertebrate communities. All sampling locations in Muskeg 
Lake were designated as depositional habitat based on the dominant substrate type present (i.e., sampling 
avoided local areas of rocky substrate). 


Benthic invertebrate samples were collected in the depositional habitats using an Ekman grab with a 0.023 т? 
sampling area. Ekman grab samples were sieved in the field using a 250 um mesh sieve to remove fine 
sediments. Three replicate grab samples were collected at each of two sampling locations, one in the littoral 
zone (water depth «3 m) and one in the pelagic zone (water depth >3 m). All samples were subsequently 
preserved in 1096 buffered formalin. The samples were analyzed separately and used to provide an indication of 
invertebrate colonization and to compare littoral and pelagic areas of the lake. 


Benthic invertebrate samples were submitted to an independent laboratory (Maxxam Analytics) for analysis of 
taxonomic composition and abundance (identification and enumeration to the lowest practical taxonomic level) of 
invertebrates. Benthic invertebrate taxa and abundance data were then tabulated for all sites and replicate 
samples. Terrestrial and non-benthic invertebrates, if any, were excluded from the data summary. Counts of 
individual organisms (numbers per sample) were converted to density (number per m?) using the sampling area of 
the Ekman Grab. Benthic invertebrate community summary variables were then calculated for each site, including 
taxa relative abundance and density, total invertebrate abundance and density, and total taxonomic richness 
(number of taxa). Some analyses were limited to the common benthic invertebrate taxa to reduce the data 
complexity. For interpretation purposes, common benthic invertebrate taxa for each site were defined as taxa that 
accounted for 1% or more of the total number of organisms recorded. 


Benthic invertebrate densities and taxonomic richness values were categorized based on regional benthic 
invertebrate community data, as follows: 


m Low: mean total density «5,000 organisms/m?; richness «10 taxa/site; 


m Moderate: mean total density ranging from 5,000 to 50,000 organisms/m?; richness ranging from 10 to 
40 taxa/site; and 


m High: mean density 250,000 organisms/m?; richness >40 taxa/site. 
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The benthic invertebrate data were also analyzed for community diversity by calculating the following two indices. 


1) Simpson's index of diversity 


D=1-) (pi? 


i=l 
where: D = Simpson’s index of diversity; 
S = the total number of taxa; and 
pi = the proportion of the it taxon. 


2) Evenness index 


where: E = Evenness; 
р; the proportion of the і taxon; and 


S = the total number of taxa. 


For the diversity and evenness indices, a value of 1 indicates high diversity/evenness and 0 indicates low 
diversity/evenness. Ranges of diversity/evenness values were categorized as follows: 


m Low: «0.25 
m Moderate: 0.25 to 0.75; and 
m High: >0.75 


This report includes the benthic invertebrate taxonomy results for samples collected in 2017 and 2018 at Muskeg 
Lake, as the 2017 results were not available for the 2017 Annual Monitoring Report. A summary of available 
benthic invertebrate sampling results to date for Muskeg Lake are included in the summary of the current 
biological development of the lake (Section 5.4). 


5.2.5 Fish Populations 
5.2.5.1 Muskeg Lake 


Fish population sampling in Muskeg Lake (Station NNL-1) was conducted to provide an indication of natural 
colonization of the lake by fish species from Kearl Lake and the level of fish population development by the fifth 
year after the connector channel between the two lakes was opened. At this stage in the Muskeg Lake monitoring 
program, when forage fish populations have established but some large-bodied fish populations are in the 
process of colonization, the sampling program concentrated on sampling for forage fish. Therefore, specific meso- 
habitat based sampling was conducted using minnow traps to test for abundance and biomass levels for each 
forage fish species, while other sampling techniques (i.e., gill netting and boat electrofishing) were conducted in 
representative locations in the lake to test for presence and abundance of large-bodied fish. 
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For Muskeg Lake, sampling for fish in the spring was conducted to provide a general fish inventory for species 
presence and abundance following the spring migration and spawning period. Minnow trapping was the main 
sampling technique and was conducted in key forage fish habitats (i.e., shallow littoral habitats – meso-habitat 
types A, B and C in Table 5-3). Gill netting was conducted in representative locations and included littoral and 
pelagic habitats. Due to the presence of northern pike in Muskeg Lake in previous years, boat electrofishing was 
not conducted in the spring due to the condition of the Fish Research Licence provided by AEP to avoid 
electrofishing during the spawning period for this species. 


Fish sampling in the late summer in Muskeg Lake was conducted to provide a habitat-based inventory of species 
composition, abundance and relative biomass. Minnow trapping was the main sampling technique and was 
conducted separately in all meso-habitats identified in Table 5-3. Gill netting was conducted in representative 
locations and included littoral and pelagic habitats. Boat electrofishing was conducted in representative shallow 
littoral habitats where the water depth was 1.5 m or less. 


In both seasons, minnow trapping (using standard Gee minnow traps baited with dry cat food) was used as a 
sampling technique specific to the capture of forage fish and smaller life stages of large-bodied species. For each 
sampling day, a total of 48 traps were set in six clusters (8 traps/cluster) and left to sample for a minimum of 4.3 
hours per set. All minnow trapping effort was recorded per meso-habitat as the number of traps set multiplied by 
the soak time to provide the number of trap-hours. 


Gill netting was conducted in Muskeg Lake to sample various habitats for large-bodied fish in both sampling 
seasons. Gill netting was conducted using one standardized multi-panel FWIN gill net left to sample for a 
minimum of 4.3 hours per set and checked at a minimum of every 2 to 3 hours to prevent fish mortality. The gill 
net consisted of eight panels of different mesh size (i.e., 2.54, 3.81, 5.08, 6.35, 7.62, 10.16, 12.70 and 15.24 ст - 
stretch measure). Each panel was 7.6 m long and 1.8 m deep, for a total net length of 60.8 m. Four daytime gill 
net sets were completed during the spring survey, and four gill net sets during the late summer survey the – the 
sampling licence provided by AEP specified only one gill net to be set per day and no overnight sets. Gill net 
sampling effort was recorded for each net set as the number of hours of soak time to provide the number of net- 
hours. 


The number of fish of each species captured at each sampling location was recorded by sampling technique. 

All individuals of large-bodied species were measured for fork length and weight, and the sex, life stage (i.e., fry, 
juvenile, adult) and state-of-maturity (e.g., pre-spawning, ripe, spent) were also recorded where discernible from 
external examination. Forage fish were measured individually for length and weight to a minimum of 30 individuals 
per species. All forage fish not measured individually were measured for batch weight by species, recording the 
number of fish in the batch and the total weight. The fish weight data was used to calculate total biomass and 
mean weight per species. 


Single-pass boat electrofishing in shallow littoral habitats along portions of the shoreline was completed during the 
late summer survey in Muskeg Lake. Boat electrofishing was conducted using a Smith-Root Model GPP 2.5 boat 
electrofisher operated from а 3.8 m inflatable boat (Zodiac) and equipped with two front-mounted anode booms 
with multiple-cable dropper arrays, and two side-mounted cathode booms with multiple-cable dropper arrays. 
Electrofishing sampling effort was recorded as the number of seconds of active electrofishing, defined as the 
seconds that electrical current was applied to the water. 


The sampling effort and catch data were used to calculate catch-per-unit-effort (CPUE) for each seasonal 
sampling period as a measure of abundance. The CPUE was calculated for minnow trapping as the number of 
fish captured per trap hour, for gill netting as the number of fish captured per net-hour, and for electrofishing as 
the number of fish per 100 seconds of active electrofishing. The CPUE results were used to represent abundance 
to allow comparison of catch rates between meso-habitats, seasonal sampling events and monitoring years. As 
part of the summary of the current biological development of the lake (Section 5.4), CPUE results were also used 
to compare fish population development in Muskeg Lake to fish populations in other waterbodies in the oil sands 
region for which CPUE data is also available. 
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The sampling and catch data were also used to calculate biomass-per-unit-effort (BPUE) as a measure of relative 
biomass. BPUE calculations were completed by multiplying the CPUE values for each species by the average fish 
weight for the species, as determined by the individual and batch weight measurements. The BPUE results were 
used to represent relative biomass to allow comparison of biomass between meso-habitats, seasonal sampling 
events and monitoring years. 


A mark-recapture test study was conducted in Muskeg Lake during the late summer minnow trapping program 
using a dye marker to evaluate the suitability of this method in providing population estimates and biomass 
densities by meso-habitat for future evaluation of the biomass of the lake. A biological red dye 

(N7005 Sigma-Aldrich) was used to mark forage fish captured in each meso-habitat. The dye was used at a 
concentration of 1:20,000, which is equivalent to 1 gram of dye per 20 litres of water. Captured fish were place in 
the dye for a minimum of fifteen minutes before being released back to the meso-habitat from which they were 
captured. Recaptured marked fish were recorded by meso-habitat type and released back to the same meso- 
habitat. 


Population parameters were analyzed by species for Muskeg Lake as a whole. Condition factor was calculated for 
all fish individually measured for fork length and weight using the standard Fulton-type condition factor formula: 


Condition Factor = (weight [9] x 105) + (fork length [mm])°. 


Length-frequency plots were completed for forage fish species where a minimum of 30 individuals were captured 
and measured, and for all large-bodied-fish species regardless of catch numbers. Average fish weights were 
calculated for each species captured. Size-at-maturity and age-at-maturity plots were also specified in the long- 
term monitoring plan based on internal examinations of incidental sampling mortalities; however, no mortalities 
occurred during sampling in 2018. 


In order to provide quality assurance and quality control (QA/QC) of fish data, potential outliers were identified as 
condition factor values falling outside of the first and third quartile of fish measured per species per station. 
Potential outliers were confirmed visually if they were not consistent with the linear relationship observed when 
plotting the logarithmic length versus weight of individuals measured. Confirmed outliers were excluded from 
length frequency analysis, average weight calculations and biomass calculations, but the fish were included in 
catch numbers and CPUE calculations. 


A summary of available fish population sampling results to date for Muskeg Lake are included in the summary of 
the current biological development of the lake (Section 5.4). 


5.2.5.2 Kearl Lake 


Fish population sampling in Kearl Lake (Station KEL-1) was conducted to provide data for comparison to previous 
data for the lake obtained during the five-year baseline sampling program that was conducted from 2009 to 

2013 (Golder 20132), prior to Kearl Lake being connected to Muskeg Lake. Sampling was conducted іп Kearl 
Lake in 2018 as it represents five years since the baseline program was completed. Fish inventory surveys were 
completed to evaluate if the connection to the secure overwintering habitats in Muskeg Lake provide a benefit to 
the fish populations in Kearl Lake. Sampling was conducted in the spring and late summer using minnow trapping 
and gill netting in representative locations in the lake to test for fish presence and abundance. 


For Kearl Lake, sampling for fish in the spring was conducted to provide a general fish inventory for species 
presence and abundance during the spring migration and spawning period. Fish sampling in the late summer was 
conducted to provide an inventory of species composition, abundance and relative biomass for the lake. 
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In both seasons, minnow trapping (using standard Gee minnow traps baited with dry cat food) was used in Kearl 
Lake as a sampling technique specific to the capture of forage fish and smaller life stages of large-bodied species 
in the littoral habitats that are present throughout the lake. For each sampling day, a total of 32 traps were set in 
four clusters (8 traps/cluster) and left to sample for a minimum of 4.3 hours per set. All minnow trapping effort was 
recorded per set as the number of traps set multiplied by the soak time to provide the number of trap-hours. 


Gill netting was conducted in Kearl Lake to sample various habitats for large-bodied fish in both sampling 
seasons. Gill netting was conducted using one standardized multi-panel FWIN gill net left to sample for a 
minimum of 4.3 hours per set and checked at a minimum of every 2 to 3 hours to prevent fish mortality. Two 
daytime gill net sets were completed during each of the spring and late summer surveys. Gill net sampling effort 
was recorded for each net set as the number of hours of soak time to provide the number of net-hours. 


Fish processing methods were the same as described for Muskeg Lake (Section 5.2.5.1), as were calculations of 
CPUE and BPUE. 


5.3 Fish and Fish Habitat Results 


The following sections provide a summary of the fish habitat and fish population data collected for the 2018 
monitoring program for Muskeg Lake and Kearl Lake, as well as analytical data for samples collected in 2017 
from Muskeg Lake that were not available for the 2017 Annual Monitoring Report. 


Fish data collected in 2018 from Muskeg Lake (Station NNL-1) is part of the initial five-year annual monitoring 
program specified in the long-term SWFM Plan, with additional monitoring of the lake to be conducted at a 
frequency to be determined in consultation with DFO. The 2018 program marks the sixth year of monitoring the 
development of aquatic habitat and lower-level productivity (i.e., since filling of the lake in 2013), and the fifth year 
of monitoring fish colonization and population development (i.e., since Muskeg Lake was connected to Kearl Lake 
in 2014). 


5.3.1 2018 Habitat Suitability Data 


A summary of the continuous water temperature, pH, dissolved oxygen and conductivity data that were collected 
in Muskeg Lake (NNL-1) by the datasonde located in the pelagic zone is provided in Table 5-6, including 
minimum, maximum, and mean parameters recorded for the months the datasonde was deployed. The pelagic 
datasonde functioned throughout the deployment period (late May through late August), while the littoral logger 
malfunctioned shortly after deployment in Late May. 


The full pelagic datasonde records are presented as plots of the continuous minimum, maximum and mean 
parameter levels for the period of record for temperature in °С (Figure 5-1), dissolved oxygen in mg/L (Figure 5-2), 
pH (Figure 5-3), and specific conductivity in uS/cm (Figure 5-4). Seasonal in-situ water quality profile data for 
Muskeg Lake is presented in Table 5-7. 


Table 5-6: Summary of Continual Water Quality Parameter Data for Muskeg Lake, 2018 


Monthly Water Quality Parameter Statistics 


Parameter Location May 29 - May 31 June 1 - June 30 July 1 - July 31 August 1 – August 29 


Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean 


| 1645 | 17.72 | 17.03 | 13.74 | 1748 | 1469 | 1434 | 2263 | 19.02 | 1497 | 22.86 | 19.81 | 


ron | а: | ал | о [oo [ox | а | ви [om | та | вв | в 


[mg/L] ; | 
ы оссе 8.59 8.74 
25 256 25 


Specific Conductivity 258 | 260 | 259 | 257 | 268 | 262 | 250 | 270 | 258 
[uS/cm] 


Note: Min. = minimum; Мах. = maximum; °C = Degrees Celsius; mg/L = milligrams per litre; uS/cm = microsiemens per cm. 
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Table 5-7: Seasonal In-Situ Water Quality Profile Data for Muskeg Lake, 2018 
Water Meximüm Profile 
Quality 

Profile Water Depth 


Location [т] 


Dissolved 
Oxygen 
[mg/L] 


Station Season Conductivity 


[uS/cm] 


Depth [m] Temperature 


Е 231 
À ; 208 
‚ . 224 
3 ; 261 
А À 262 
А : 261 
Winter? 1 6.7 ; : 


Spring 1 


Late Summer 


| 1090 | 


8.10 
| 8.10 
253 


а _ Data obtained from water quality winter survey. 
Note: m = metres; uS/cm- microSiemens per centimetre; mg/L= milligrams per litre; °С = degrees Celsius. 
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5.3.2 2018 Aquatic Macrophyte Data 


Aquatic macrophyte stands were planted in the littoral zone of Muskeg Lake following filling of the lake basin in 
2013 (Golder 2013b) to initiate macrophyte establishment and supplement natural plant colonization. The planted 
stands were subsequently assessed in 2014 and 2015 for survival, vigor and evidence of expansion. The 2016, 
2017 and 2018 Muskeg Lake monitoring programs included mapping the distribution and composition of aquatic 
macrophytes throughout the lake's entire littoral zone. 


The 2018 map of aquatic macrophytes is presented in Figure 5-5 and identifies 100 areas of aquatic macrophytes 
in the Muskeg Lake littoral zone. The vegetation identified included Sedges (Cyperaceae), Cattail (Typha), Sago 
Pondweed (Potamogeton pectinatus), Floating Leaf Pondweed (P. natans), Coontail (Ceratophyllum demersum) 
and Northern Water Milfoil (Myriophyllum exalbescens). The presence of floating aquatic vegetation mats was 
also found throughout the lake. Figure 5-6, Figure 5-7 display pictures of the near-shore zone of Muskeg Lake. 
Figure 5-8 and Figure 5-9 display pictures of submergent and emergent vegetation found in Muskeg Lake. 
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Figure 5-6: Riparian and Littoral Zones of Muskeg Lake, August 2018 


Figure 5-7: Riparian and Littoral Zones of Muskeg Lake, August 2018 
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Figure 5-8: Littoral Submergent Vegetation їп Muskeg Lake, August 2018 
De s 


Figure 5-9: Floating Vegetation Mat in Muskeg Lake, August 2018 
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5.3.3 Plankton Data 
5.3.3.1 2017 Plankton Results 


Analytical results for plankton samples collected from Muskeg Lake during the 2017 monitoring survey that were 
not available at the time of preparation of the 2017 Annual Monitoring Report are presented here. 


Taxonomic richness of phytoplankton and zooplankton in Muskeg Lake in 2017 are summarized in Table 5-8. 
Taxonomic richness refers to the number of different taxa recorded in the plankton samples. Taxonomic richness 
was calculated at the genus level for both phytoplankton and zooplankton, as this was the lowest taxonomic level 
recorded for all organisms in the samples collected. Immature forms for which genus was not determined were 
excluded from calculations of richness. Mean richness and richness range were calculated based on the 
individual results of the three composite samples collected from the lake. Total taxonomic richness is the total 
number of unique taxa recorded for all composite samples combined. 


Table 5-8: Summary of Plankton Taxonomic Richness for Muskeg Lake, 2017 


Variable Zooplankton Phytoplankton 


Richness Range (No. taxa per sample) 11 to 15 32 to 38 
Mean Richness (mean No. taxa) + SE 13.0 + 1.2 35.0 + 1.7 


Note: Calculations based on three composite samples collected at representative locations; Мо. = number; SE = standard error. 


Total and relative percent zooplankton abundance and biomass recorded by major taxonomic group in Muskeg 
Lake in 2017 are presented in Table 5-9, and the dominant zooplankton taxa are presented in Table 5-10. Total 
and relative percent phytoplankton abundance and biomass of the major taxonomic groups recorded in Muskeg 
Lake in 2017 are presented in Table 5-11, and the dominant phytoplankton taxa are present in Table 5-12. 


Table 5-9: Total and Percent Zooplankton Abundance and Biomass in Muskeg Lake, 2017 


Mean Abundance + Relative Abundance Mean Biomass + SE 
SE [organisms/m?] [%] [ug/m?] 


camo [тт [чт | 299 | 09 


Note: Calculations based on average of three composite samples collected at representative locations; SE = standard error; ug = microgram; 
m? = cubic metre; < = less than. 


Taxonomic Group Relative Biomass [%] 


Table 5-10: Dominant Zooplankton Taxa by Biomass in Muskeg Lake, 2017 


Dominant Taxa(? (Genus) Mean Biomass [ug/m?] Relative Biomass [%] 


@) Dominant taxa are those comprising 4.0% or more of the total biomass. 
6) Percentage is less than 100% because species with a relative biomass of less than 4.0% were not included in the table. 
Note: Calculations based on average of three composite samples collected at representative locations; ug = microgram; m? = cubic metre. 
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Table 5-11: Total and Percent Phytoplankton Abundance and Biomass in Muskeg Lake, 2017 


Mean Abundance + Relative Abundance Mean Biomass + SE 
SE [organisms/L] [%] [ug/m?] 


1,026,682 + 173,073 16.17 217,748 + 44,674 
338,445 + 67,301 5.34 271,313 + 78,075 


Euglenophyceae 11,344 + 11,344 81,022 + 81,022 
All Taxa 6,343,519 + 334,879 100.00 8,599,817 + 834,633 


Note: Calculations based on average of three composite samples collected at representative locations; SE = standard error; L = litre; 
ug = microgram; т? = cubic metre 


Taxonomic Group Relative Biomass [%] 


Cyanobacteria 


Chrysophyceae 


Cryptophyceae 3.15 


Chlorophyceae 


Diatoms 


Table 5-12: Dominant Phytoplankton Taxa by Biomass in Muskeg Lake, 2017 


Dominant Taxa‘) (Genus) 
Planktothrix 


Mean Biomass [ug/m] Relative Biomass [%] 


7,063,262 82.1 
Limnothrix 603,746 : 


7.0 


* Dominant taxa are those comprising 4.0% or more of the total biomass. 
(? Percentage is less than 100% because species with a relative biomass of less than 4. 0% were not included in the table. 
Note: Calculations based on average of three composite samples collected at representative locations; џд = microgram; m? = cubic meter 


Comparison of 2017 plankton sampling results to previous years (2013 to 2016) for Muskeg Lake indicate the 
following patterns. 


m Zooplankton mean abundance and biomass have steadily increased year-over-year – levels recorded in 
2017 were the highest to date for Muskeg Lake (approximately a 16-fold increase in mean abundance and a 
nine-fold increase in biomass from 2016). 


= The large increase in Muskeg Lake zooplankton biomass and abundance recorded in 2017 can be 
attributed to increases in populations of Rotifer species (e.g., Keratella sp, Polyathra sp, and 
Pleurotrocha sp.) which represented 9896 and 96% of the relative abundance and biomass, respectively. 


= Zooplankton taxonomic richness (total taxa) remained high relative to most previous monitoring years but 
was lower in 2017 than in 2016. 


m Phytoplankton mean abundance and biomass has varied year-over-year but was generally similar between 
years from 2013 to 2016. Mean abundance and biomass recorded from Muskeg Lake in 2017 reached peak 
levels to date, showing a large increase from the previous years – in 2017, mean phytoplankton abundance 
increased by approximately two-fold and mean biomass increased by approximately six-fold from the 
previous year (2016). 


= Тһе large increase in Muskeg Lake phytoplankton biomass and abundance can be attributed to a large 
population of one Cyanobacteria species (Planktothrix agardhii) which represented 49% and 82% of the 
relative abundance and biomass, respectively. 
= Phytoplankton taxonomic richness (total taxa) was at the high end of the range of values recorded in all 
monitoring years. 
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5.3.3.2 2018 Plankton Results 


Taxonomic richness of phytoplankton and zooplankton in Muskeg Lake in 2018 are summarized in Table 5-13. 
Taxonomic richness refers to the number of different taxa recorded in the plankton samples. Taxonomic richness 
was calculated at the genus level for both phytoplankton and zooplankton, as this was the lowest taxonomic level 
recorded for all organisms in the samples collected. Immature forms for which genus was not determined were 
excluded from calculations of richness. Mean richness and richness range were calculated based on the 
individual results of the three composite samples collected from the lake. Total taxonomic richness is the total 
number of taxa recorded for all composite samples combined. 


Table 5-13: Summary of Plankton Taxonomic Richness for Muskeg Lake, 2018 


Variable Zooplankton Phytoplankton 


Richness Range (No. taxa per sample) 15 to 17 34 to 40 
Mean Richness (mean No. taxa) + SE 16.0 + 0.6 38.0 + 1.8 
65 


Total Richness (total No. taxa) 20 
Note: Calculations based on three composite samples collected at representative locations; No. = number; SE = standard error. 


Total and relative percent zooplankton abundance and biomass of the major taxonomic groups recorded in 
Muskeg Lake in 2018 are presented in Table 5-14, and the dominant zooplankton taxa are presented in 

Table 5-15. Total and relative percent phytoplankton abundance and biomass of the major taxonomic groups 
recorded in Muskeg Lake in 2018 are presented in Table 5-16, and the dominant phytoplankton taxa are present 
in Table 5-17. 


Table 5-14: Total and Percent Zooplankton Abundance and Biomass in Muskeg Lake, 2018 


Mean Abundance + Relative Abundance Mean Biomass + SE Relative 
SE [organisms/m?] [%] [ug/m?] Biomass [%] 


Rotifera 47,301 + 4,222 67.81 54,615 + 2,020 54.05 


Taxonomic Group 


Cladocera 5,092 + 813 7.30 


Note: Calculations based on average of three composite samples collected at representative locations; SE = standard error; ug = microgram; 
m? = cubic metre. 


Table 5-15: Dominant Zooplankton Taxa by Biomass in Muskeg Lake, 2018 


Dominant Таха?) (Genus) Mean Biomass [yg/m*] Relative Biomass [%] 


Keratella 6,261 10.2 


(а) Dominant taxa are those comprising 4.0% or more of the total biomass. 
t) Percentage is less than 100% because species with a relative biomass of less than 4.0% were not included in the table. 
Note: Calculations based on average of three composite samples collected at representative locations; ug = microgram; m? = cubic metre. 
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Table 5-16: Total and Percent Phytoplankton Abundance and Biomass in Muskeg Lake, 2018 


Mean Abundance + Relative Abundance Mean Biomass + SE Relative 
SE [organisms/L] [%] [ug/m] Biomass [%] 


Euglenophyceae 11,344 + 5,672 


All Таха 5,079,531 + 902,070 


Note: Calculations based on average of three composite samples collected at representative locations; SE = standard error; L = litre; 
ug = microgram; m? = cubic metre. 


Taxonomic Group 


Table 5-17: Dominant Phytoplankton Taxa by Biomass in Muskeg Lake, 2018 


Dominant Таха‘) (Genus) Mean Biomass [ug/m?] Relative Biomass [%] 


Jaaginema 796,813 
Total 2,313,839 


8) Dominant taxa are those comprising 4.0% or more of the total biomass. 
6) Percentage is less than 100% because species with a relative biomass of less than 4.0% were not included in the table. 
Note: Calculations based on average of three composite samples collected at representative locations; нд = microgram; m? = cubic meter. 


Comparison of 2018 plankton sampling results to previous years (2013 to 2017) for Muskeg Lake indicate the 
following patterns. 


m Zooplankton mean abundance and biomass steadily increased year-over-year from 2013 until 2017. Mean 
abundance and biomass in 2018 decreased by seven-fold and two-fold, respectively, from the previous year 
(2017). Although 2018 mean abundance and biomass decreased from 2017 levels, they remained greater 
than levels recorded from 2013 to 2016. 


a Zooplankton taxonomic richness (total taxa) increased 23% from 2017, and was the highest level 
recorded to date. 


m  Phytoplankton mean abundance and biomass varied year-over-year from 2013 to 2016, followed by a large 
increase in 2017. Mean abundance and biomass in 2018 decreased by 20% and 66%, respectively, from the 
previous year (2017) but remained higher than the levels recorded prior to 2017. 


"Phytoplankton taxonomic richness (total taxa) reached peak levels in 2018 with an 8% increase in mean 
richness from the previous year (2017). 
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5.3.4 Benthic Invertebrate Data 
5.3.4.1 2017 Benthic Invertebrate Results 


Analytical results for the benthic invertebrate samples collected in 2017 that were not available at the time of 
preparation of the 2017 Annual Monitoring Report are presented here. 


In the late summer of 2017, benthic invertebrate samples were collected from two locations in Muskeg Lake – 
littoral (shallow water) and pelagic (deep water). Littoral and pelagic samples were collected to test for differences 
in benthic invertebrate densities between these two key habitat categories and to check for overall benthic 
invertebrate diversity across a portion of the range of available habitats. 


Categorization of mean total density of benthic invertebrates in 2017 (Table 5-18) was moderate (i.e., between 
5,000 and 50,000 organisms/m?) for both the littoral (14,433 organisms/m?) and pelagic (6,797 organisms/m?) 
sampling locations. Total taxonomic richness was moderate (i.e., between 10 and 40 taxa/site) at both the 

littoral (31 taxa) and pelagic (17 taxa) sampling locations. Diversity indices were high (i.e., >0.75) and evenness 
was moderate (i.e., between 0.25 and 0.75) at both the littoral and pelagic sampling locations. Moderate 
evenness indicates that although the benthic invertebrate communities at the sampling locations were diverse, the 
distribution of organisms was somewhat uneven among the taxa. 


Table 5-18: Benthic Invertebrate Density, Richness, Diversity and Evenness in Muskeg Lake, 2017 
Muskeg Lake (NNL-1) 
Shallow (Littoral) Deep (Pelagic) 


Variable 


Density (No./m?) 


Mean Total Density 14,433 
SE +2,987.3 +1,073.6 


Richness (No. of taxa) 


Mean Richness (No. taxa/sample) 


Note: Calculations based on three replicate samples; No. = number; т? = square metre; SE = standard error. 


The relative abundance and density of common benthic invertebrate taxa at the littoral and pelagic sampling 
locations in Muskeg Lake in 2017 are presented in Table 5-19. Common benthic invertebrate taxa include those 
taxa that comprise 1% or more of the total number of organisms at any site. The benthic invertebrate community 
at the littoral sampling location was dominated by non-biting midges (Chironomidae family), seed 

shrimp (Ostracoda Class) and sandflies (Ceratopogonidae family), which comprised approximately 71%, 16% and 
8% of the community, respectively. The benthic invertebrate community at the pelagic sampling site was 
dominated by non-biting midges (Chironomidae family) and seed shrimp (Ostracoda Class), which comprised 
approximately 60% and 32% of the community, respectively. 
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Comparison of 2017 benthic invertebrate sampling results to previous data for Muskeg Lake (2013 to 2016) 
shows the following patterns. 


m Littoral zone invertebrate communities have been steadily increasing since filling of the lake. 


= Invertebrate density has increased from zero іп 2013 (littoral zone only recently inundated) to 14,433 
org/m? in 2017 (fifth year since inundation), which is comparable to the density observed in 2016 
(i.e., <1% difference). 


* Invertebrate taxonomic richness increased year-over-year from 2013 until 2016, however, richness 
decreased by 38% in 2017 from the previous year (2016). 


m Pelagic zone invertebrate communities have changed as the lake was filled and the pelagic zone depth 
increased. 


= Pelagic invertebrate densities and richness showed a high degree of year to year variability during the 
earlier years of the monitoring program (i.e., 2013 to 2014), reflecting the period when water levels in the 
lake had been increasing as the lake was filled. With subsequent stabilization of water levels, benthic 
invertebrate density and richness in the pelagic zone was initially low (2014 to 2016) but showed a large 
increase in 2017. 


= Current pelagic density (6,797 org/m?) and richness (17 total taxa) are lower than in the littoral zone, as 
expected for deep-water habitats. 


5.3.4.2 2018 Benthic Invertebrate Results 


In the late summer of 2018, benthic invertebrate samples were collected from two locations in Muskeg Lake — 
littoral (shallow water) and pelagic (deep water). Littoral and pelagic samples were collected to test for benthic 
differences in benthic invertebrate densities between these two key habitat categories and to check for overall 
benthic invertebrate diversity across a portion of the range of available habitats. 


Categorization of mean total density of benthic invertebrates in 2018 (Table 5-20) was moderate (i.e., between 
5,000 and 50,000 organisms/m?) for the littoral sampling location (11,625 organisms/m?) and low (i.e., «5,000 
organisms/m?) for the pelagic sampling location (3,281 organisms/m?). Taxonomic richness was 

moderate (i.e., between 10 and 40 taxa/site) at both the littoral (31 total taxa) and pelagic (12 total taxa) sampling 
locations. The diversity index was high (i.e., >0.75) for the littoral zone samples (0.86) and moderate (i.e., 
between 0.25 and 0.75) for the pelagic samples (0.66). The evenness index was moderate (i.e., between 0.25 
and 0.75) for both of the littoral (0.32) and pelagic (0.36) samples; moderate evenness indicates that although the 
benthic invertebrate communities at the sampling locations were diverse, the distribution of organisms was 
somewhat uneven among the taxa. 


The relative abundance and density of common benthic invertebrate taxa at the littoral and pelagic sampling 
locations in Muskeg Lake in 2018 are presented in Table 5-21. Common benthic invertebrate taxa include those 
taxa that comprise 196 or more of the total number of organisms at any site. The benthic invertebrate community 
at the littoral sampling location was dominated by non-biting midges (Chironomidae family), a genus of 

mayfly (Caenis sp.), seed shrimp (Ostracoda family) and sandflies (Ceratopogonidae family), which comprised 
approximately 48%, 22%, 13% and 9% of the community, respectively. The benthic invertebrate community at the 
pelagic sampling site was dominated by non-biting midges (Chironomidae family) and seed shrimp (Ostracoda 
Class), which comprised approximately 7096 and 1996 of the community, respectively. 
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Table 5-20: Benthic Invertebrate Density, Richness, Diversity and Evenness in Muskeg Lake, 2018 
Muskeg Lake (NNL-1) 
Shallow (Littoral) Deep (Pelagic) 


Variable 


Density (No./m?) 


Mean Total Density 11,625 3,281 
£11,285 +885 


23 


Note: Calculations based on three replicate samples; Мо. = number; т? = square metre; SE = standard error. 
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Comparison of available benthic invertebrate sampling results to previous data for Muskeg Lake (2013 to 2017) 
shows the following patterns. 


m Littoral zone invertebrate communities steadily increased from filling of the lake in 2013 until 2016, with 2017 
levels being similar to 2016 and 2018 levels being 19% lower than 2017. 


= Littoral invertebrate richness remained the same іп 2018 as that in 2017 with 31 taxa present; peak 
richness was recorded in 2016 with 54 taxa. 


m  Pelagic zone invertebrate communities have changed as the lake was filled and the pelagic zone depth 
increased: 


= Pelagic invertebrate densities and richness showed a high degree of year to year variability during the 
earlier years of the monitoring program, but overall density levels were low – this was followed by a large 
increase in density in 2017. 


= Pelagic invertebrate density and richness іп 2018 decreased from peak levels recorded in 2017 by 52% 
and 29%, respectively. 


* Current pelagic density and richness are lower than in the littoral zone, as expected for deep-water 
habitats. 


5.3.5 2018 Fish Population Data 


A total of eight fish species were captured during the 2018 monitoring program at Muskeg Lake (NNL-1), 
consisting of one sport fish species, two sucker species and five small-bodied forage fish species: 


= Northern Pike (Esox lucius); 

m Longnose Sucker (Catostomus catostomus); 

m White Sucker (Catostomus commersonii); 

m Brook Stickleback (Culaea inconstans); 

m Fathead Minnow (Pimephales promelas); 

m  Finescale Dace (Phoxinus neogaeus); 

m Northern Redbelly Dace (Chrosomus eos); and 
m Pearl Dace (Margariscus margarita). 


A summary of total fish catch is provided in Table 5-22, including the total numbers of fish captured by species 
during the spring and late summer surveys with all capture methods combined. Seasonal catch numbers show the 
number of fish captured in the spring survey (9,607) to be higher than in the late summer survey (6,953). This is 
due primarily to the large number of some forage fish species (i.e., Brook Stickleback and Fathead Minnow) 
captured in the spring versus the late summer. This pattern of seasonal fish abundance is discussed further in 
Section 5.4. 
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Table 5-22: Total Number of Fish Captured During Seasonal Surveys in Muskeg Lake, 2018 


Species Captured 
Small-Bodied Fish Large-Bodied Fish 


Season Brook Fathead Finescale Northern Pearl Northern Longnose White 


ату Daco Pike Sucker Sucker 
ace 


2,841 4,007 2,310 
2,870 2,802 
3,005 4,960 5,180 439 2,834 | 86 | 


Minnow trapping catch-per-unit-effort (CPUE) data are provided in Table 5-23 for each of the nine meso-habitat 
types sampled. In addition to the forage fish shown in Table 5-23, a single juvenile longnose sucker was also 
captured by minnow trapping in the spring survey, and a single juvenile white sucker was captured in the late 
summer survey. Similar to total fish numbers, the minnow trapping CPUE data shows a higher total catch rate in 
the spring (2.55 fish/trap-hr) than in the late summer (2.01 fish/trap-hr). Based on the CPUE results per species, 
the difference in catch rates between spring and late summer was due mainly to reduced late summer catch rates 
for Brook Stickleback, Fathead Minnow, and to a lesser extent Northern Redbelly Dace. Conversely, Finescale 
Dace and Pearl Dace CPUE increasing from spring to late summer. In the spring, when only shallow littoral meso- 
habitats were sampled, the highest catch rate for forage fish was recorded in the habitat with macrophyte cover 
(Meso-habitat B). In the late summer with the full range of meso-habitats sampled, the highest forage fish 

CPUE (7.77 fish/trap-hour) was recorded in shallow littoral habitat with gravel/cobble cover (Meso-habitat D), 
mainly due to high catch rates for Pearl Dace and Finescale Dace in this meso-habitat. The next highest CPUE 
rates were also in the shallow littoral zone, either with macrophyte cover (Meso-habitat B, 5.77 fish/trap-hour) or 
no cover (Meso-habitat A, 3.02 fish/trap-hour). 


Stickleback Minnow Dace 


Table 5-24 provides the total CPUE for gill netting in Muskeg Lake, with Northern Pike, Longnose Sucker and 
White Sucker being captured – one Pearl Dace was also captured in the late summer survey. As the lake is 
currently dominated by forage fish species, most fish were captured by minnow trapping. Gill net sampling results 
reflect colonization and population growth for the large-bodied fish community in Muskeg Lake. Similar to total fish 
numbers (Table 5-22), the gill netting CPUE data (Table 5-24) shows a higher total catch rate in the 

spring (3.19 fish/net-hr) than in the late summer (1.51 fish/net-hr). Based on the CPUE results per species, the 
difference in catch rates from spring to late summer is due mainly to reduced catch rates for White Suckers in the 
late summer. For all three large-bodied species captured, the length frequency distribution (Appendix VIII) shows 
both juvenile and adult fish were present in Muskeg Lake. 


Table 5-25 provides the CPUE results for boat electrofishing in Muskeg Lake, with Brook Stickleback, Fathead 
Minnow, Finescale Dace, Pearl Dace, Northern Pike and White Sucker being captured in the shallow littoral 
meso-habitats that could be effectively sampled with this technique. The highest catch rate was recorded in the 
habitat with macrophyte cover (Meso-Habitat B) with a total CPUE of 5.87 fish/100seconds, mainly due to the high 
catch rates for Pearl Dace. 


The average fish weights for Muskeg Lake are provided in Table 5-26 for forage fish species and Table 5-27 for 
large-bodied fish species. A small number of captured large-bodied fish (4 Northern Pike and 3 White Sucker) 
escaped before they were weighed. The average weights allow the calculation of fish biomass. At present, 
biomass calculation consisted of biomass-per-unit-effort (BPUE) to allow comparison of relative biomass. BPUE 
was calculated by multiplying the species CPUE (number of fish captured per unit sampling effort) by the average 
weight of the species (g/fish) to provide the weight (g) of fish captured per unit sampling effort. Average condition 
factors were calculated for each species captured in Muskeg Lake (Table 5-28). BPUE and condition factor 
comparisons are provided in Section 5.4. 
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Appendix VIII provides length frequency histogram plots for forage fish species captured in sufficient 
numbers (i.e., 30 or more), and for all large-bodied fish species. Representative photographs from Muskeg Lake 
sampling are displayed in Appendix IX. 


The results of the forage fish mark-recapture test conducted during the late summer minnow trapping survey are 
presented in Table 5-29. A total of 46 marked fish were recaptured, with meso-habitat B (Shallow littoral with 
aquatic macrophyte cover) and D (shallow littoral with gravel/cobble cover) having the highest recapture success, 
with 21 and 19 fish recaptured, respectively. Overall, the number of recaptured fish was low (zero recaptures for 
some species and meso-habitats) and is an indication that additional sampling effort would be needed to increase 
the effectiveness of mark-recapture as a population estimate method for Muskeg Lake, or that alternative 
methods should be investigated. 
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А summary of the development of fish populations in Muskeg Lake to date is provided in Section 5.4. 


5.4 Summary of Muskeg Lake Current Biological Development 


Construction of the Muskeg Lake basin and its physical habitat features was completed in 2010, and filling of the 
lake basin with water pumped from Kearl Lake was completed in the spring of 2013. The connector channel 
between Muskeg Lake and Kearl Lake was opened in 2014, allowing fish passage between the two lakes. With 
respect to biological colonization and development, plankton and benthic invertebrate communities were able to 
begin colonization of Muskeg Lake as the basin was filling with water. Aquatic vegetation propagules were planted 
in the riparian and littoral areas of Muskeg Lake in 2013 to enhance the natural revegetation of the riparian zone 
and natural colonization by aquatic plants from Kearl Lake. Fish populations were able to begin colonization of 
Muskeg Lake once the connector channel was opened in 2014. 


This section provides a summary of the current level of development and trends for the biological components of 
the Muskeg Lake ecosystem that are included in the monitoring program, which involved integration of the 
following data. 


m Assessments of the success of 2013 aquatic macrophyte plantings in 2014 to 2015, and littoral vegetation 
mapping from 2016 to 2018. 


m  Plankton sampling results from 2013 to 2018 (end of lake filling to present). 
m  Benthic invertebrate sampling results from 2013 to 2018 (end of lake filling to present). 
m Fish population sampling results from 2014 to 2018 (connector channel opening to present). 


The summary results were compared to Kearl Lake to provide an indication of the level of development of Muskeg 
Lake in comparison to a mature, natural lake that is also the main source for biological colonization. Further to this 
comparison, the summary results were compared to other waterbodies found in the region, where suitable data is 
available. The reasoning behind including regional lake comparisons is to see how Muskeg Lake compares to 
other lakes that also provide pelagic (deep-water) overwintering habitat for fish, which is limited in Kearl Lake. 


5.4.1 Aquatic Macrophytes 


Aquatic macrophyte stands were planted in the littoral zone of Muskeg Lake in August 2013, consisting of 25 
stands of Richardson's Pondweed (Potamogeton richardsonii) propagules and 10 stands of Softstem Bulrush 
(Schoenoplectus tabernaemontani) propagules. Thirteen of the pondweed stands were planted in near-shore 
littoral areas (< 0.5 m deep) and twelve were planted in deeper littoral areas (70.5 to 1.5 m deep). Bulrush stands 
were planted along the lake shoreline. The stands were assessed in 2014 and 2015 for percent survival, vigor and 
evidence of expansion. Success of the planted pondweed stands was observed to be low to moderate for the 
shallow plantings and nil for the deeper plantings. For pondweed stands planted in the shallow littoral zone, vigor 
was low to moderate, survival was moderate, and percent of rooted plants was low to moderate. Bulrush plantings 
were completely successful, with stands planted along the shoreline showing moderate to high vigor, high 
survival, and evidence of spreading. 


In addition to the macrophyte plantings, natural colonization of the Muskeg Lake littoral zone has occurred for 
other emergent and submergent vegetation species, including Sedges (Cyperaceae), Cattail (Typha), Sago 
Pondweed (Potamogedon pectinatus), Floating Leaf Pondweed (P. natans), Northern Watermilfoil (Myriophyllum 
exalbescens), Coontail (Ceratophyllum demersum), White Water Buttercup (Ranunculus longirostris) and 
Muskgrass (Chara). 
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Mapping of aquatic vegetation in Muskeg Lake from 2016 to 2018 indicates continuing colonization and expansion 
of aquatic macrophytes in the lake. The 2018 map of aquatic macrophytes presented in Figure 5-5 identifies 100 
areas of aquatic macrophytes in the littoral zone compared to 61 areas of aquatic macrophytes recorded in 2017 
and 39 areas of aquatic macrophytes in 2016 (Golder 2017b). Further expansion of macrophyte distribution and 
density in Muskeg Lake is expected to continue through both new colonization and expansion of existing stands. 


5.4.2 Plankton Communities 


Plankton samples (zooplankton and phytoplankton) have been collected in Muskeg Lake to provide an indication 
of lake productivity. Plankton data is also available from Kearl Lake sampling that was conducted for the long-term 
SWFM program in 2009, 2010, 2012 and 2013, and allows comparison of plankton productivity in the newly 
developed Muskeg Lake to a natural lake with an established ecosystem. Both lakes are hydrologically connected 
allowing species from Kearl Lake to colonize Muskeg Lake. This section summarizes the yearly plankton biomass 
and taxonomic richness data from Muskeg Lake in comparison to the range of values for these parameters 
recorded in Kearl Lake. 


5.4.2.1 Zooplankton Biomass and Taxonomic Richness 


Zooplankton biomass and taxonomic richness increased consistently, but slowly, for the first four years following 
filling of Muskeg Lake (2013 to 2016), becoming variable in the most recent years (2016 to 2018) (Figure 5-10). 
The development of zooplankton biomass in Muskeg Lake required four years to achieve a level similar to the 
lower range of biomass recorded in Kearl Lake. This was followed by a large (nine-fold) increase in biomass in 
2017, when Muskeg Lake levels were higher than the maximum level recorded in Kearl Lake. In 2018, Muskeg 
Lake biomass level declined relative to 2017, but was higher than all previous years, and was similar to the mid- 
range of biomass levels in Kearl Lake. Overall, zooplankton biomass in Muskeg Lake has either been within or 
above the observed range of Kearl Lake since 2016. The increase in zooplankton biomass in 2017 was due to the 
large population of Rotiers present that year. Rotifers feed on small phytoplankton (e.g., cyanobacteria; 

Wetzel 2001), therefore, the increase in phytoplankton biomass recorded in 2017 likely provided large amounts of 
food for zooplankton, enabling the increase in population size. 


Zooplankton taxonomic richness in Muskeg Lake was initially below the average richness observed in Kearl Lake 
but has been similar to or higher than average levels in Kearl Lake since 2014 (Figure 5-10). Peak taxonomic 
richness in Muskeg Lake was observed in 2016 with 22 taxa. 


These results indicate that zooplankton development in Muskeg Lake took two years (richness) to four 

years (biomass) to reach levels comparable to Kearl Lake. From four to six years after filling (2016 to 2018), 
zooplankton biomass and richness levels have been comparable to, or higher than, Kearl Lake. Based on the 
trend shown in Figure 5-10, Muskeg Lake zooplankton is expected to remain comparable to Kearl Lake in the 
future. 
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Figure 5-10: Summary of Zooplankton Biomass and Richness in Muskeg Lake, 2013 to 2018. 


5.4.2.2 Phytoplankton Biomass and Taxonomic Richness 


The development of Muskeg Lake phytoplankton biomass and taxonomic richness shows a different pattern than 
that of zooplankton. Rather than starting at a low level with a steady increase over the initial years of lake 
development, phytoplankton biomass and richness developed rapidly, followed by variable levels from year to 
year (Figure 5-11). By completion of lake filling in 2013, phytoplankton biomass and richness had already 
achieved levels similar to the lower range of values in Kearl Lake. From 2013 to 2016, biomass varied near the 
lower end of the Kearl Lake range until 2017, when biomass in Muskeg Lake showed a large increase and 
exceeded the upper range observed in Kearl Lake. Phytoplankton biomass in Muskeg Lake decreased in 2018 
relative to the 2017 peak, but still remained within the range observed in Kearl Lake. 


Phytoplankton taxonomic richness in Muskeg lake achieved the average richness observed in Kearl Lake by 2014 
and has been similar to, or higher than, the Kearl Lake average since then. 


The results indicate that phytoplankton development in Muskeg Lake was rapid, occurring during the lake filling 
phase from 2010 to 2013. For five of the six post-fill monitoring years (2013 to 2016 and 2018), phytoplankton 
biomass has been similar to the lower range observed in Kearl Lake, while 2017 levels exceeded the maximum 
Kearl Lake level. Results from the most recent two-year period (2017 and 2018) show consecutive year-to-year 
consistency in which phytoplankton biomass in Muskeg Lake has remained above the low range observed in 
Kearl Lake. Additional monitoring data will determine if phytoplankton production will continue to remain in, or 
exceed, ranges observed in Kearl Lake. 
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Figure 5-11: Summary of Phytoplankton Biomass and Richness in Muskeg Lake, 2013 to 2018. 


5.4.3 Benthic Invertebrate Communities 


Benthic invertebrate data were collected in Muskeg Lake from 2013 to 2018 to provide an indication of lake 
productivity and development of the food base for non-piscivorous fish. Benthic invertebrate data is also available 
for Kearl Lake from sampling that was conducted by RAM from 2009 to 2013 and allows comparison of benthic 
invertebrate productivity in the newly developed Muskeg Lake to a natural lake with an established ecosystem 
that is also a primary source for invertebrate colonization. This section summarizes the yearly benthic invertebrate 
density and taxonomic richness data from Muskeg Lake in comparison to the same parameters provided for Kearl 
Lake by RAM. Kearl Lake data was limited to samples collected from the littoral zone of the lake, due to the lake's 
lack of pelagic habitat, while Muskeg Lake data has been collected from both the littoral and pelagic zones, as 
identified in the analysis. 


The benthic invertebrate sampling results to date for Muskeg Lake show that density (Figure 5-12) and taxonomic 
richness (Figure 5-13) developed rapidly in the littoral zone following lake filling. In comparison, development was 
slower and more limited in the deep-water pelagic zone where density and richness levels were lower. Sampling 
after lake filling in 2013 showed density levels in Muskeg Lake were already similar to the lower range found in 
Kearl Lake, although richness was low at that time. The littoral benthic invertebrate data show that both 

density (Figure 5-12) and taxonomic richness (Figure 5-13) were either within the range or higher than the 
maximum levels recorded in Kearl Lake from the time of first sampling in 2014 onward. Peak density in Muskeg 
Lake occurring in 2016 (16,043 organisms per square meter). Benthic invertebrate densities in Muskeg Lake 
pelagic habitat remained below the Kearl Lake littoral range until 2017 and 2018, although this is not a direct 
comparison due to differences in habitat type (i.e., pelagic versus littoral). 
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Benthic invertebrate taxonomic richness within the littoral zone of Muskeg Lake has been within or above the 
range observed in Kearl Lake of 21 to 42 taxa from 2014 until present (2018) (Figure 5-13), with peak richness 
recorded in 2016 (50 taxa). Pelagic richness in Muskeg Lake has increased over time but remains below the 
range observed in the Kearl Lake littoral zone, with peak levels occurring in 2017 (17 taxa). Muskeg Lake total 
taxonomic richness for littoral and pelagic areas combined in 2016 (52 unique) exceeded the maximum range 
observed in Kearl Lake. 


Overall, these results indicate that Muskeg Lake benthic invertebrate colonization began during the Muskeg Lake 
filling phase, followed by rapid colonization and development of the benthic invertebrate community in the littoral 
zone and slower development in the pelagic zone. In comparison to Kearl Lake, littoral benthic invertebrate 
density and richness levels in Muskeg Lake were similar to or exceeded levels typical of the natural lake within 
two years of filling, providing a strong food base for fish. The higher benthic invertebrate densities and richness 
levels in the Muskeg Lake littoral zone relative to the pelagic zone can be characterized as typical, as littoral 
habitats and associated macrophytes are known to provide zones of high biodiversity and productivity for 
macroinvertebrates (James et al. 1998). This suggests that the Muskeg Lake pelagic zone achieving density 
levels similar to the Kearl Lake littoral zone by 2017 (Figure 5-12) is another indication of good invertebrate 
productivity in Muskeg Lake. 


The heterogeneous habitat in Muskeg Lake (e.g., combination of littoral and pelagic habitats) is likely contributing 
to the observable high richness versus that of Kearl Lake, due to greater habitat diversity. This point is illustrated 
by the 2018 Muskeg Lake pelagic samples, which contained several different taxa compared to that of the littoral 
samples (Table 5-21), adding to the overall richness of Muskeg Lake. In addition, the secure overwintering habitat 
in Muskeg Lake relative to the low winter dissolved oxygen levels that occur in Kearl Lake can be expected to 
support a higher density and diversity of invertebrates. Following the initial period of rapid development, benthic 
invertebrate density and richness in Muskeg lake appears to be stabilizing, exhibiting year-to-year variability at a 
relatively high level compared to Kearl Lake. 
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Figure 5-12: Summary of Benthic Invertebrate Density in Muskeg Lake, 2013 to 2018 
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Figure 5-13: Summary of Benthic Invertebrate Richness in Muskeg Lake, 2013 to 2018 
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5.4.3.1 Regional Waterbody Comparison 


Benthic invertebrate data have been collected in the littoral area of regional lakes by RAM 

sampling (AEMERA 2016). A total of four of these regional lakes (Namur, Gardiner, McClelland and 

Johnson lakes) were selected for comparison to Muskeg Lake, as they all occur within an approximate 90 km 
radius of Muskeg Lake and were sampled from 2002 to 2015. Post-colonization benthic invertebrate data for 
Muskeg Lake (i.e., 2015 to 2018) were used to represent current conditions compared to the regional lakes. Kearl 
Lake was also included in the comparison relative to the data presented in Section 5.4.3. The average benthic 
invertebrate density (with minimum/maximum range) (Figure 5-14) and average richness (with 
minimum/maximum range) (Figure 5-15) from each of the regional lakes were compared to Muskeg Lake. 


Similar to Muskeg lake, all lakes used in the comparison generally had benthic invertebrate densities classified as 
moderate (i.e., 5,000 to 50,000 organisms/m?), with high densities (i.e., » 50,000 organisms/m?) recorded on one 
occasion in McClelland Lake. The average benthic invertebrate densities within the littoral habitat of Muskeg Lake 
were most comparable to, and somewhat higher than, the smaller regional lakes (i.e., Kearl and Johnson lakes), 
but were lower than the average densities of the three larger regional lakes (Numar, Gardiner and McClelland 
lakes) (Figure 5-14), although average invertebrate densities at Muskeg Lake did fall within the range of 
McClelland Lake. Overall, invertebrate densities within the post-colonization phase of Muskeg Lake are 
comparable to some neighboring regional lakes but are lower than the larger regional lakes. 


Benthic invertebrate taxonomic richness within the littoral habitat of Muskeg Lake was greater than the average 
richness recorded for all the regional lakes (Namur, Gardiner, McClelland and Johnson lakes) and most similar to 
its source lake (Kearl Lake) (Figure 5-15). Average richness in Muskeg Lake is at least 49% greater than the other 
regional lakes. These results suggest Muskeg Lake has a diverse range of littoral habitat selection for different 
groups of invertebrates relative to neighboring lakes. 
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Figure 5-14: Average Littoral Benthic Invertebrate Densities (+ min/max) of Muskeg Lake in comparison to 
Regional Lakes. 
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Figure 5-15: Average Littoral Benthic Invertebrate Richness (+ min/max) of Muskeg Lake in Comparison to 
Regional Lakes. 


5.4.4 Fish Populations 


Fish population sampling has been conducted in Muskeg Lake to monitor the development of the various fish 
populations constituting the fish community. A comparison of fish capture results for Muskeg Lake to 

date (2014 to 2018) was conducted for fish community colonization, development and productivity trends, 
including species composition, average conditions factors, average fish weights, abundance (CPUE) and relative 
biomass (BPUE). Fish population data is also available from Kearl Lake sampling that was conducted for the long- 
term monitoring program from 2009 to 2013 and allows comparison of population parameters in the newly 
developed Muskeg Lake to a natural lake with an established ecosystem. Both lakes are connected physically, 
allowing species from Kearl Lake to colonize Muskeg Lake. This section summarizes the yearly fish population 
data from Muskeg Lake in comparison to Kearl Lake. 


5.4.4.1 Species Composition 


The number of fish species captured in Muskeg Lake has increased from five species in 2014 to a total of nine 
species captured for all years combined (Table 5-30). Species captured in Muskeg Lake to date include one sport 
fish species (Northern Pike), two sucker species (Longnose and White Sucker), and six forage fish species (Brook 
Stickleback, Fathead Minnow, Finescale Dace, Lake Chub, Northern Redbelly Dace and Pearl Dace). The first 
species to colonize Muskeg Lake from Kearl Lake consisted of the some of the most common species in Kearl 
Lake, including white sucker and four forage fish species (Brook Stickleback, Finescale Dace, Lake Chub and 
Pearl Dace). Longnose Sucker and Fathead Minnow colonized Muskeg Lake in 2015, while Northern Pike and 
Northern Redbelly Dace were first captured in Muskeg Lake in 2016. With the exception of Northern Pike, all of 
the species captured in Muskeg Lake were documented to be present in Kearl Lake during the 2009 to 2013 
monitoring program — Northern Pike were documented to be occasionally present in Kearl Lake in the historical 
record. All fish species documented to be present in Kearl Lake, either historically or during the monitoring 
program, have colonized Muskeg Lake. 
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Table 5-30: Muskeg Lake Fish Species Composition, 2014 to 2018 


Spring) Summer Total 
а ка „ш ги а а zu 2017 2018 2014 2015 2016 „ш эш 
Brook Stickleback X X X X 
Finescale Dace X 
Fathead Minnow 


Species 


Wit Sucker || X | [X 
Northen Pike | - | X | X | 
[Number of Species | 7 | 8 | 8 | 


(а) Мо fish sampling occurred in Spring 2014. 
Note: X = species captured; - = species not captured. 


5.4.4.2 Fish Size 


Fish size for the species present in Muskeg Lake was examined by length frequency analysis (Appendix VIII), and 
by calculating average condition factor and average weights per species. Condition factor for species in Muskeg 
Lake compared to Kearl Lake are summarized in Table 5-31. Muskeg Lake average condition factors ranged from 
0.92 to 1.70 across species, similar to that of Kearl Lake which ranged from 0.91 to 1.40. Individually, condition 
factors for some species in Muskeg Lake were slightly lower compared to Kearl Lake, while for other species they 
were slightly higher. The average weights for each small-bodied and large-bodied fish species are summarized in 
Tables 5-32 and 5-33, respectively. Overall, four out of the six forage fish species were, on average, heavier in 
Muskeg Lake than Kearl Lake. Average weights for sucker species were higher in Muskeg Lake than Kearl Lake, 
but the sample sizes are relatively small. Average Northern Pike size cannot be compared to Kearl Lake, where 
this species was not captured during the monitoring program. 
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Table 5-31: Average Fish Condition Factors, Muskeg Lake and Kearl Lake 


Condition Factor 


Species 


Muskeg Lake (2014 - 2018) Kearl Lake (2009 - 2013) 
Brook Stickleback катал ханынан кекке ткеннен 
Finescale Dace 
Fathead Minnow 1.56 1.31 


Lake Chub 
Longnose Sucker 
Northern Pike 

Northern Red Belly Dace 
Pearl Dace 
White Sucker 


1.13 1.23 
1.28 


Not present 


Table 5-32: Average Forage Fish Weight Comparison, Muskeg Lake and Kearl Lake 


Weight (g) 
Species 


Muskeg Lake (2014 - 2018) Kearl Lake (2009 - 2013) 


Note: g = gram 
Table 5-33: Average Large-Bodied Fish Weight Comparison, Muskeg Lake and Kearl Lake 
Weight (g) 
Species Muskeg Lake (2014 - 2018) Kearl Lake (2009 - 2013) 


Average Minimum Maximum Average Minimum Maximum 


Longnose Sucker 399.3 780.0 372.2 198.5 540.0 


White Sucker 661.9 1,620.0 376.2 242.8 511.9 
Northern Pike 1,909.3 5,440.0 Not present 


Note: g = gram 


5.4.4.3 Fish Abundance and Relative Biomass 


Fish abundance was determined by calculating Catch-per-unit-effort (CPUE). CPUE for minnow 

trapping (Figure 5-16) and gill netting (Figure 5-17) in Muskeg Lake from 2014 to 2018 are presented and 
compared to Kearl Lake baseline conditions. Kearl Lake maximum, average and minimum range lines for the total 
CPUE have been included in order to allow for visual comparison to Muskeg Lake total CPUE. 
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Note: CPUE = Catch-per-unit-effort; BRST = Brook Stickleback; FNDC = Finescale Dace; FTMN = Fathead Minnow; LKCH = Lake Chub; 
NRDC = Northern Redbelly Dace; PRDC = Pearl Расе; Мах = maximum; Min = minimum 


Figure 5-16: Summary of Total CPUE for Minnow Trapping in Muskeg Lake, 2014 to 2018 
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Note: CPUE = Catch-per-unit-effort; Max = maximum; Min = minimum 
Figure 5-17: Summary of Total CPUE for Gill Netting in Muskeg Lake, 2014 to 2018 


The results for total forage fish CPUE (all forage fish species and seasons combined) for Muskeg Lake were 
within the range of Kearl Lake from the summer of 2014 (the year the connector channel was opened) 
onwards (Figure 5-16). CPUE for large-bodied fish in Muskeg Lake approached the lower limit for Kearl Lake in 
2015 and exceeded the upper limit from 2016 onwards (Figure 5-17). 
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In addition to CPUE, relative biomass (BPUE) is examined to provide a relation between fish abundance and 
productivity as it pertains to biomass production. Temporal trends in Muskeg Lake BPUE from 2014 to 2018 have 
been graphed for the minnow trap (Figure 5-18) and gill net (Figure 5-19) data. Kearl Lake maximum, average 
and minimum range lines for total BPUE have been included in order to allow comparison of Muskeg Lake relative 


biomass to that of Kearl Lake. 
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Lake Chub; NRDC = Northern Redbelly Dace; PRDC = Pearl Расе; g = gram; Max = maximum; Min = minimum 

Figure 5-18: Summary of Relative Biomass for Minnow Trapping in Muskeg Lake, 2014 to 2018 
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Figure 5-19: Summary of Relative Biomass for Gill Netting in Muskeg Lake, 2014 to 2018 


(> GOLDER 173 


000194 


March 2019 18110625 


Similar to the CPUE data, the results for total minnow trapping BPUE (all species and seasons combined) show 
rapid development of initial forage fish productivity by 2014 (the year the connector channel was орепед), with 
BPUE levels approaching the lower range of the baseline levels recorded in Kearl Lake (Figure 5-18). This initial 
biomass development was followed by a large increase in total ВРЏЕ in 2015 and 2017. Although total forage fish 
BPUE appears to have been lower in 2016, this is likely explained by the seasonal variability in the BPUE data 
evident in Figures 5-16 and 5-18 in relation to the delayed spring sampling period that occurred in 2016. The 
CPUE and BPUE data shows that the high total values recorded in 2015 and 2017 are due to high values during 
the spring surveys, which were completed in late May in both years. The high BPUE values in the spring are due 
to the large fish catch recorded in late May. In comparison, the 2016 spring program was delayed until later in 
June because of the wildfire that affected the Fort McMurray area in May 2016. From Figures 5-16 and 5-18 it is 
evident that, in some years, Muskeg Lake was used by a large number of forage fish in the spring that are not 
present in the lake in the summer. This is likely due to some forage fish using Muskeg Lake in the winter for its 
secure overwintering habitat, then migrating to Kearl Lake for the summer. Based on the timing of the various 
spring surveys, it appears this migration took place in early June. Therefore, it is considered possible that total fish 
biomass in Muskeg Lake in 2016 may have been more similar to 2015 and 2017. In comparison, the total BPUE 
for forage fish in 2018, when spring sampling was again conducted in late May, was lower than 2015 and 2017, 
although it was within the range of Kearl Lake. This dip in BPUE could be associated with the increasing 
abundance of large-bodied fish (Figure 5-17), specifically Northern Pike - with the presence of this predatory 
species in Muskeg Lake it is possible that inter-specific interactions may be affecting the forage fish community. 


Another consideration for comparison of forage fish abundance and biomass between Muskeg Lake and Kearl 
Lake is that Kearl Lake is composed entirely of one meso-habitat type (shallow littoral with dense vegetation) such 
that the total CPUE and BPUE values are based on one highly suitable habitat type. Conversely, Muskeg Lake 
sampling effort was evenly distributed among the nine available meso-habitat types, including many expected to 
provide low suitability for forage fish, such as habitats with no cover and deep-water habitats. Thus, the total 
CPUE/BPUE for Muskeg Lake can be expected to be lower than Kearl Lake. For example, comparing the CPUE 
for the meso-habitats found to be most suitable in Muskeg Lake in 2018 (shallow littoral with dense vegetation 
and shallow littoral with rocky substrate) shows that fish abundance in these two habitats ranges from 5.77 to 
7.76 (Table 5-23), which are above the average CPUE values for Kearl Lake. 


Based on the gill netting CPUE results (Figure 5-17) and BPUE results (Figure 5-19), the large-bodied fish 
species in Muskeg Lake have shown steadily increasing values with increased colonization by Northern Pike and 
suckers. Seasonal and total BPUE values exceeded levels in Kearl Lake by the third year following opening of the 
connector channel (i.e., summer of 2016) and onward, primarily due to expansion of Northern Pike and White 
Sucker populations. The 2018 results in particular showed a large increase in CPUE/BPUE for Northern Pike. 
White Sucker BPUE decreased somewhat in 2018, largely due to the lower catch rate of White Sucker in the late 
summer survey. 


Overall, the CPUE and BPUE data indicates that Muskeg Lake, as planned, is providing secure overwintering 
habitat for both Muskeg Lake and Kearl Lake fish populations, as well as year-round habitat for forage fish, 
suckers and sport fish. The CPUE/BPUE trends for Muskeg Lake indicate that the forage fish community 
developed rapidly and reached abundance levels within the range of Kearl Lake levels almost 

immediately (i.e., the same year the connector channel to Kearl Lake was opened), and BPUE levels were within 
the range of Kearl Lake the year following the channel opening. Starting in the second year of fish access, forage 
fish BPUE in Muskeg Lake has been within the range of that recorded in Kearl Lake, varying from the low to mid 
range. It should be noted that Kearl Lake has a high variability in CPUE/BPUE for forage fish, attributed to the 
highly suitable habitat it provides during the open-water period (i.e., composed entirely littoral habitat with dense 
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aquatic vegetation) combined with variable overwintering conditions that result in regular occurrences of poor 
winter dissolved oxygen levels. As observed in the Kearl Lake five-year baseline monitoring 

summary (Golder 2013a), Kearl Lake exhibited a year-over-year increase in CPUE from 2009 to 2011 to the 
maximum level shown in Figure 5-16, followed by a large drop in 2012 to the minimum level shown in Figure 5-16. 
This was considered to represent poor overwintering conditions and reduced fish survival during the winter of 
2011/2012. 


Expectations for Muskeg Lake are that the fish population abundance and biomass will be stable in comparison to 
Kearl Lake, as the lake provides secure overwintering habitat and eliminates issues with winter fish survival. The 
BPUE values are generally in the range or around average of Kearl Lake for forage fish, with the BPUE values for 
large-bodied fish being higher in Muskeg Lake than in Kearl Lake due to development of the Northern Pike and 
White Sucker populations in Muskeg Lake that are limited in Kearl Lake by its less suitable habitat conditions. 
Although the results indicate that some forage fish that overwinter in Muskeg Lake migrate to Kearl Lake for the 
summer, the forage fish ВРЏЕ data shows that productivity in Muskeg Lake in the summer is in the range of that 
in Kearl Lake, and has been since 2014, the year the connector channel was opened. Further increases in forage 
fish CPUE/BPUE in Muskeg Lake are possible as the aquatic macrophyte cover in the littoral zone continues to 
increase in extent and density (see Section 5.4.1), providing habitat that is highly suitable for forage fish as 
indicated by the minnow trapping results for this meso-habitat (Table 5-23). 


5.4.4.4 Regional Waterbody Comparison 


Fish populations in Kearl Lake are limited by the lack of a pelagic zone and secure overwintering habitats. The 
five-year baseline monitoring study for Kearl Lake showed suckers present in low abundance, an absence of 
Northern Pike, and forage fish abundance fluctuating with variable overwintering conditions (Golder 20132). 
Therefore, comparisons were made between the current level of development of Muskeg Lake fish populations 
and other regional waterbodies. Attempts were made to find regional waterbodies similar in size to Muskeg Lake 
and lakes with pelagic overwintering habitats. Due to limitations in the available data-set, it was necessary to 
include some small waterbodies lacking pelagic habitat, some waterbodies that are much larger than Muskeg 
Lake, and some mature man-made waterbodies. Due to limited reporting of fish sampling efforts and lack of 
reporting of fish weight data in the regional data-set, CPUE comparisons were limited and BPUE comparisons 
were not possible. 


Regional CPUE data was obtained from multiple baseline and monitoring reports for the oil sands and Northern 
Boreal Forest Region. A total of six large waterbodies (Ronald Lake, Oakley Lake, Calumet Lake, Beaver Creek 
Reservoir, Ruth Lake and Poplar Creek Reservoir) and a group of 21 Unnamed Waterbodies provided 
comparisons for minnow trapping data in Muskeg Lake – all the waterbodies are located within a 315 km radius of 
Muskeg Lake and were sampled between 2003 and 2014. A total of four waterbodies (Fawcett Lake, Goodfish 
Lake, Hebephrenic Lake and Equisetum Lake) provided comparisons for gill netting data in Muskeg Lake – all the 
waterbodies are located within a 665 km radius of Muskeg Lake and were sampled in 2000. 


Catch-per-unit-effort (CPUE) for minnow trapping (Figure 5-20) and gill netting (Figure 5-21) in Muskeg Lake from 
2014 to 2018 was compared to regional CPUE data from lakes found within the Northern Boreal Forest region in 
Alberta, including natural and man-made waterbodies. Due to regional reporting methods, Muskeg Lake gill 
netting results were converted from fish/net-hour to fish/100 m?/24-hours for comparison purposes. 
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Figure 5-20: Regional CPUE Comparisons for Minnow Trapping in Muskeg Lake, 2014 to 2018 
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Figure 5-21: Regional CPUE Comparisons for Gill Netting in Muskeg Lake, 2015 to 2018 
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Minnow Trapping data shows that Muskeg Lake total СРЏЕ for 2014 to 2018 was similar to that of the regional 
waterbodies, including waterbodies without pelagic habitats (unnamed waterbodies and Oakley Lake) and the 
larger waterbodies that contain pelagic overwintering habitats. Muskeg Lake shows a maximum total CPUE of 
4.03 fish/trap-hr (in 2017), which is higher than the total CPUE for most regional waterbodies with exception of 
Oakley Lake (9.7 fish/trap-hr) and Ruth Lake (4.61 fish/trap-hr). These results indicate a well-developed forage 
fish community in Muskeg Lake, particularly in consideration that Muskeg Lake supports a population of Northern 
Pike while the regional waterbodies (except for Ronald Lake) lack predatory fish. 


Gill netting total CPUE for Muskeg Lake from 2014 to 2018 increased to a level that is also comparable to that of 
natural regional waterbodies. Muskeg Lake CPUE in 2015 and 2016 for large-bodied species was lower than that 
of the regional waterbodies, as the lake was in the early stages of colonization, while total CPUE in 2017 and 

2018 was similar to that found in the natural lakes. This is the case even though the regional waterbodies have а 
greater number of large-bodied fish species (5 to 8 species) compared to Muskeg Lake (3 species). With respect 
to comparisons of total CPUE for the individual populations of large-bodied fish in Muskeg Lake, longnose sucker 
was present only in Muskeg Lake, White Sucker CPUE was higher (2017) or equal (2018) to each of the regional 
waterbodies, and Northern Pike CPUE was similar (2017) or higher (2018) than all the regional waterbodies. 


5.5  Kearl Lake Fish Populations 


Kearl Lake was sampled for fish in 2018 to see how the current fish populations compare to baseline conditions 
established prior to the connection with Muskeg Lake. This is the first sampling event in Kearl lake since the 
connector channel was opened. Kearl Lake was sampled for five consecutive years to gather baseline data from 
2009 to 2013, prior to opening the connector channel with Muskeg Lake in 2014. The 2018 survey was conducted 
five years after the last baseline survey. 


Biomass-Per-Unit-Effort have been graphed for minnow trapping (Figure 5-22) and gill netting (Figure 5-23) data 
form Kearl Lake in 2018. Kearl Lake maximum, average and minimum range lines for total BPUE from baseline 
conditions have been included in order to allow for comparisons of Kearl Lake prior to the connector channel 
being opened. 
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Figure 5-22: Summary of Relative Biomass for Minnow Trapping in Kearl Lake, 2018 
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Figure 5-23: Summary of Relative Biomass for Gill Netting in Kearl Lake, 2018 


BPUE for minnow trapping in 2018 was above average compared to baseline levels in the spring sampling event 
and was below the range of baseline levels in the summer sampling event. The total combined BPUE for both 
seasons in 2018 was within the range found during baseline conditions (2009 to 2013). 


The BPUE results for large-bodied fish species in Kearl Lake (Figure 5-23) show a large increase in values from 
baseline conditions. Large-bodied fish BPUE has seen a 10-fold increase over what was observed during 
baseline conditions. This was mainly due to the presence of Northern Pike in Kearl Lake, as Northern Pike was 
not found in the lake during baseline sampling. As a benefit of Muskeg Lake construction, it was intended that 
Northern Pike would be able to establish a permanent population in Kearl Lake as a result of the connection to 
Muskeg Lake and its secure overwintering habitat. 


5.6 Comparison of Muskeg Lake Development to Design Predictions 


Design parameters and predictions regarding the development and expected productivity of Muskeg Lake were 
provided in the Kearl No Net Loss Plan (NNLP) (Imperial Oil 2007). The NNLP includes the physical design 
parameters for the lake basin as well as modelling of expected conditions for hydrology, water quality and fish 
habitat suitability. This section provides a comparison of the Muskeg Lake monitoring data to the modelling 


predictions. 
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5.6.1 Physical Characteristics 


As-built specifications of the Muskeg Lake basin were prepared following lake construction (i.e., excavation of the 
lake basin and installation of fish habitat features). Differences between the NNLP design and the as-built 
specifications occurred due to site conditions encountered during construction and general optimizing activities. 
These differences were examined in relation to the predicted amount of compensation habitat to be provided by 
the lake (Golder 2010b) and it was concluded that despite some changes from design, the as-built lake was 
considered to be equivalent to the design with respect to the provision of a suitable quantity and quality of fish 
habitat for the seven fish species targeted for the Muskeg Lake fish community. The differences between design 
and as-built specifications include the following. 


m Total surface area of the lake was expanded from the design specification of 300,000 m? to 303,642 m? 
(increase of 1.2%) due to slight footprint modifications needed to move the compensation lake further from 
Kearl Lake to prevent any possible slope failure or piping of water, and incorporation of a decommissioned 
lake-side sediment pond into the lake basin. 


m Тһе specific bathymetry distribution differed from design specifications resulting in an increase in littoral 
habitat area (zone 3 m deep or less), a decrease in the area 3 to 5 m deep, and an increase in the area 
deeper than 5 m. Overall, the littoral zone increased from 15.6 to 23.4% of the total lake area, while the 
maximum depth (7 m) and average depth (4 m) remained as per the design. In addition to providing the as- 
built specifications, detailed bathymetric analysis and mapping was completed for Muskeg Lake as part of 
the monitoring program (Golder 2015). 


m Тһе specified amounts of rocky substrate (gravel, cobble, boulder) were installed as per the design, but 
some placements varied from design with respect to their exact locations; however, the total area of rock and 
locations within the appropriate depth zones were as per the design. 


m Large woody debris structures and root wad structures were installed as per the design. 


The as-built specifications for Muskeg Lake were used to conduct habitat suitability index (HSI) modelling to 
compare the estimated productivity of the as-built lake to the NNLP design (see Section 5.6.8). 


5.6.2 Hydrology Modelling 


Hydrology modelling was conducted in the NNLP as part of the hydrologic feasibility and sustainability analysis for 
predictions related to water level fluctuations, as they pertain to the development and maintenance of stable and 
productive aquatic habitats in the lake. 


5.6.2.1 Water Level 


The hydrology assessment in the NNLP predicted that the combined Kearl-Muskeg lakes system would have 
stable water levels, with fluctuations typical for natural lakes in the region, facilitating development of a stable and 
productive littoral zone in Muskeg Lake. The evaluation of current water level data for the Kearl-Muskeg lakes 
system (Section 3.5.3.1) indicates that Muskeg Lake maximum water level fluctuations to date have been less 
than 0.6 m, matching the prediction that fluctuations over the long-term would be 1.0 m or less. Muskeg Lake has 
had a stable water level since filling and data from the fish and fish habitat surveys show the lake has developed 
stable and productive riparian and littoral zones, with an expanding riparian and aquatic vegetation. 


{у GOLDER 179 


000200 


Магсһ 2019 18110625 


RAI TE DRE AN REV нара рути IRL END DORE DNA RER GE SR 


5.6.2.2 Shoreline Stability 


A potential issue with shoreline stability was identified during stakeholder review of the Kearl ММГР related to 
possible wind-driven erosion along the windward side of the Muskeg Lake shore in the early stages of 
development due to the presence of erodible materials and lack of mature vegetation. Shoreline erosion could 
affect shoreline stability and local suspended sediment levels in the lake, possibly resulting on some degradation 
of aquatic habitat. To address this concern, rocky substrates to be installed in the near-shore littoral zone were 
placed on the windward side of the lake to add shoreline protection while прапап and aquatic vegetation was 
becoming established, and to maximize the quality of the rocky areas as spawning and egg incubation habitat. In 
addition, monitoring of shoreline stability was included in the Kearl SWFM Plan (Imperial Oil 209a), with shoreline 
stability evaluated as part of fish habitat mapping. 


The habitat mapping to date shows all shoreline areas of Muskeg Lake to be stable with no wind-driven erosion 
issues and continuing development of aquatic and riparian vegetation. Imperial did identify one location in the 
riparian zone where gullying was observed due to overland drainage. To mitigate potential erosion issues, the 
gully area was stabilized and armoured to prevent further erosion. 


5.6.3 Water Quality Modelling 


Water quality modelling was conducted for Muskeg Lake in the NNLP for predictions related to key parameters 
and lake characteristics related to aquatic habitat productivity and for model-specific inputs for fish HSI modelling. 


5.6.3.1 Nutrients and Trophic Status 


As described in water quality assessment (Section 4.9.1), based on nutrient levels, Muskeg Lake has transitioned 
from oligotrophic to mesotrophic status over the development period to date and currently has a similar trophic 
status to Kearl Lake. This matches the NLLP prediction for the early stages of the lake, with the lake expected to 
trend towards meso-eutrophic status in the future. 


5.6.3.2 Temperature 


As described in water quality assessment (Section 4.9.2), winter temperatures measured in Muskeg Lake match 
the NNLP predictions. For summer temperatures, assessment of the continual temperature recordings from the 
datasondes deployed during the open water periods from 2014 to 2018 show average summer temperatures to 
be 19.1°C, the range of maximum weekly summer temperatures to be 22.4°C to 23.2°C, and the maximum peak 
temperatures to be 22.9°C to 25.2°C. These measurements confirm the NNLP model prediction of an average 
summer temperature of 19°С and are similar to the predicted maximum summer temperature of 24.5°C. 


5.6.3.3 рн 


The NNLP does not provide specific predictions for pH in Muskeg Lake but assumes the pH range will be the 
same as Kearl Lake, with the pH range of 6 to 9 used as the input for fish HSI modelling. The datasonde records 
for Muskeg Lake show a pH range of 7.5 to 9.1 for all monitoring years combined, matching the NNLP modelling 
inputs. 


5.6.3.4 Dissolved Oxygen 


As described in the water quality assessment (Section 4.9.3), the seasonal dissolved oxygen measurements 
show that Muskeg Lake matches the NNLP model predictions, being greater than 7 mg/L. Continual open-water 
data from the datasondes deployed for fish habitat monitoring also show open-water dissolved oxygen to be 
generally 7.2 mg/L or higher. However, during one or two week long periods in summer 2017 and 2018 the 
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datasondes showed an increase in diurnal fluctuations (difference between daily minimum and maximum DO), 
with average dissolved oxygen levels dipping to 6.0 mg/L. 


The NNLP modelling predicted late winter dissolved oxygen in Muskeg Lake to be 0 mg/L within 1 m of the lake 
bed and to exceed 5 mg/L in the rest of the water column (Imperial Oil 2007). As described in Section 4.9.3., the 
monitoring data indicates that the dissolved oxygen predictions were accurate for most years, with dissolved 
oxygen levels of 5 mg/L to 11 mg/L in the mid to upper water column, and as low as 0.67 near the lake bed. In 
2018 however, dissolved oxygen concentrations were less than 5 mg/L in the mid water column (Figure 4-27), 
although they were 5 mg/L or higher in the upper water column and were higher than predicted near the lake 
bed (2.2 mg/L). 


Overall, measured dissolved oxygen levels show a greater degree of variability than predicted in the NNLP. Open- 
water dissolved oxygen levels were both higher and lower at times than the predicted primary range of 7.2 to 

8.2 mg/L, and were higher at times than the overall range of 5 to 9.5 mg/L. In the winter, the under-ice depth to 
which dissolved oxygen levels of 5 mg/L or higher were maintained was sometime less than predicted, while 
dissolved oxygen levels at the lake bottom were sometimes higher than predicted. In all years, Muskeg Lake, 
including the majority of lake depths in the winter, provided dissolved oxygen levels highly suitable for the target 
fish community of forage fish, Norther Pike, Yellow Perch and White Sucker (NRBS 1994; Golder 2008). 


5.6.3.5 Total Dissolved Solids (TDS) 


As described in the water quality assessment (Section 4.9.4), TDS concentrations in Muskeg Lake after filling 
were in the range of 150 to 250 mg/L, most recently stabilizing at approximately 200 mg/L. The current TDS levels 
in Muskeg Lake are somewhat lower than the predicted range of approximately 230 to 245 mg/L for the Phase | 
lake but are within the range of values for Kearl Lake, as predicted. All TDS values measured in Muskeg Lake are 
in the optimal range of suitability for the fish species for which TDS is an HSI model variable. 


5.6.3.6 Mercury 


Predictions for mercury levels in Muskeg Lake were not included in the NNLP. However, a mercury summary is 
provided here due to the concern with potential increases in mercury in fish tissue that have been documented to 
occur in some constructed and flooded waterbodies, mainly due to methylation of mercury from decomposition of 
inundated organic material making mercury available to the aquatic food chain. The 2012 to 2018 monitoring data 
shows that total mercury levels in Muskeg Lake water were similar to, and slightly lower, than Kearl Lake, while 
methyl mercury was below detection limits in both lakes and total mercury in Muskeg Lake sediment was also 
below detection limits. The monitoring data demonstrates that there has been no increase in mercury or bio- 
available mercury in Muskeg Lake due to flooding of the basin. This is likely due to the fact that the lake was 
created by excavation, removing vegetation and organic soil prior to flooding, a key mitigation measure to prevent 
mercury increases. 


5.6.4 Aquatic Macrophytes 


As described in Section 5.4.1, monitoring has demonstrated continual colonization and expansion of the 
distribution and density of littoral vegetation in Muskeg Lake. The current vegetation development level has not 
reached the average littoral density of 5796 predicted in the NNLP, but further vegetation development is expected 
to continue through both new colonization and expansion of existing stands and is expected to reach the 
predicted level as the lake matures. 
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5.6.5 Plankton Communities 


The NNLP does not provide a prediction for plankton community development for Muskeg Lake, but the 
monitoring data to date indicates plankton development was rapid. Phytoplankton communities began 
development during the filing process and were immediately within the range of levels recorded in Kearl Lake, 
while zooplankton development was slower, taking four years to reach levels comparable to Kearl Lake. 


5.6.6 Benthic Invertebrate Communities 


The general prediction provided in the NNLP regarding development of the benthic invertebrate communities in 
Muskeg Lake was that it would require one to five years to achieve levels comparable to natural environments. 
The monitoring data indicates that Muskeg Lake benthic invertebrate colonization began during the filling phase, 
followed by rapid colonization and development of the benthic invertebrate community in the littoral zone and 
slower development in the pelagic zone. Littoral benthic invertebrate density and richness levels in Muskeg Lake 
were similar to or higher than Kearl Lake levels within two years of filling, matching the NNLP prediction. In 
addition, invertebrate densities within the post-colonization phase of Muskeg Lake were comparable to some 
neighboring regional lakes but were lower than the larger regional lakes. Benthic invertebrate taxonomic richness 
within the littoral habitat of Muskeg Lake was greater than the average richness recorded for other regional 
waterbodies. 


5.6.7 Fish Populations 


The development of fish populations in Muskeg Lake has occurred fairly rapidly over the first five years since the 
lake connector channel was opened to allow fish colonization from Kearl Lake. Fish species diversity is high in 
Muskeg Lake, with all fish species currently or historically documented to be present in Kearl Lake now also 
present in Muskeg Lake, providing the maximum species diversity that is achievable through colonization. This 
includes all six of the seven fish species targeted for inclusion in the Muskeg Lake community in the NNLP that 
are present in the Kearl Lake/Muskeg Creek drainage area. The seventh fish species targeted for the fish 
community in the NNLP (Yellow Perch) is not present in Kearl Lake or in the drainage basin. As identified in the 
NNLP, Yellow Perch would require stocking to become part of the Muskeg Lake fish community. 


Fish size and condition in Muskeg Lake were similar to that in Kearl Lake, as expected. Condition factors were 
good for Muskeg Lake fish, ranging from just under 1.0 for two species to higher than 1.0 for all remaining 
species. Average fish weights were also good in Muskeg Lake, being comparable to Kearl Lake for forage fish 
and higher than Kearl Lake for Longnose Sucker, White Sucker and Northern Pike. 


Fish abundance (as represented by CPUE) and biomass (as represented by BPUE) have developed well in 
Muskeg Lake. Forage fish populations developed rapidly, achieving CPUE and BPUE levels comparable to Kearl 
Lake the year of connector channel opening and the following year, respectively. Forage fish CPUE levels in 
Muskeg Lake are also comparable to other regional natural/mature waterbodies. Large-bodied fish populations 
developed more slowly than did forage fish, which was expected based on the low abundance of suckers and 
general absence of Northern Pike in Kearl Lake due to the lake's lack of pelagic habitat. Nonetheless, the 
abundance and biomass levels of the large-bodied fish community exceeded those of Kearl Lake within three 
years of connector channel opening. Currently, Muskeg Lake supports a large-bodied fish community, and in 
particular Northern Pike and White Sucker populations, with CPUE levels comparable to the examined natural 
regional lakes that also provide deep-water pelagic habitats. 
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5.6.8 Fish Habitat Suitability Index (HSI) Моде па 


Fish habitat suitability index (Н51) models have been developed for the Alberta oil sands region (Golder 2008) to 
assist with determination of habitat quality for natural habitats and for planned habitats to be constructed to 
compensate for alterations of natural habitats. HSI values аге used in conjunction with measures or estimates of 
habitat quantity (i.e., surface area) to provide a quantification of the estimated habitat productivity in the relevant 
habitats. Habitat productivity is represented by Habitat Units, calculated as: HUs = HSI x surface area (m?). HSI 
models are species-specific and values are calculated individually for each relevant fish species, with the 
individual HUs summed to provide the total HUs for a given area of habitat. The Kearl NNLP (Imperial Oil 2007) 
provided HSI and HU calculations for all affected habitats and for the compensation habitat to be developed in 
Muskeg Lake. To provide the specified amount of compensation for the affected HUs, Muskeg Lake is designed 
to provide a specific amount of HUs for the fish species expected to form the fish community. This section 
provides calculations of the HSI values and HUs provided to date by Muskeg Lake in relation to the modelled 
predictions in the NNLP. 


To show the trajectory of habitat development and the current maturity level of Muskeg Lake, HSI determinations 
have been calculated for the last three years of monitoring data (2016, 2017 and 2018). The Muskeg Lake values 
were then compared to the modelled HSI values and HUs from the NNLP to gauge the degree to which the lake 
matches the predictions and to identify the specific habitat components that need further developmental time. 


The HSI models each consist of a number of habitat variables, representing the physiochemical and biological 
characteristics of the lake, with defined ranges of suitability used to assign the Suitability Index (SI) for the 
variable. As specified by the requirements of the various HSI models, SI modelling input data was provided by the 
design specifications and monitoring results as follows. 


m Hydrology 
m summary of Kearl-Muskeg lakes water levels 
m Water Quality (seasonal profile measurements and continuous datasonde records): 
m pH 
m water temperature 
m dissolved oxygen 
m TDS 
m  trophic status 
m Fish Habitat 
m lake bathymetry 
m aquatic vegetation distribution and density 
m habitat cover features – boulder gardens, large woody debris structures and root wad structures 


m Substrate composition and distribution 
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SI values for each variable range from 0.0 (no suitability) to 1.0 (optimal suitability). The HSI models identify how 
the multiple SI values are to be used to calculate a total HSI for each species (Golder 2008), with HSI values also 
ranging from 0.0 to 1.0. The values for each SI variable were obtained from the as-built specifications and the 
monitoring measurements conducted in Muskeg Lake. The HSI values were calculated individually for each of the 
seven species identified in the NNLP for the Muskeg Lake fish community, as well as the three additional species 
that have colonized Muskeg Lake. The HSI values were calculated for each individual species for each of the 
three years of monitoring data (2016, 2016 and 2018) to show how the lake has developed over time. Each fish 
species is represented by the lacustrine (waterbody) component of the relevant HSI model. 


The conditions of the various habitat parameters used in the HSI models are based on the data collected in each 
monitoring years (2016, 2017 and 2018). The HSI values were then compared to predicted HSI values in the 
NNLP (Table 5-34). The HSI values were used in combination with the as-built surface area of Muskeg Lake to 
obtain the habitat units (HUs) provided. The predicted HSI values and HUs for Muskeg Lake are presented as 
they were in the NNLP, using the design surface area of Muskeg Lake. The detailed HSI modelling results for 
Muskeg Lake are presented in Appendix X. 


The productivity of Muskeg Lake, as represented by the total number of HUs, increased from 2016 to 

2018 (Table 5-23). As of 2018, Muskeg Lake is estimated to provide 1,093,112 HUs for the seven species 
identified in the NNLP, which is 89% of the 1,230,000 HUs the lake is expected to provide at maturity for these 
species. Additional HUs were also calculated to be present in Muskeg Lake for the three other species that have 
colonized the lake (Table 5-23). 


The Muskeg Lake HSI values for one species (White Sucker) have met the NNLP modelled expectation of 0.74 
since 2016, while HSI values for the remaining six target species have shown an increase over the three-year 
monitoring period (2016 to 2018). HSI values for all four of the target forage fish species (Brook Stickleback, 
Fathead Minnow, Lake Chub and Pearl Dace) reached the NNLP modelled expectations by 2017 or 2018, 
depending on the species. Further increases in habitat suitability will occur in Muskeg Lake for the forage fish 
species relative to the SI for littoral cover, as aquatic vegetation distribution and density continues to 

develop (Section 5.5.1), but the overall HSI values for these species will not increase as they are limited by 
existing lake bathymetry or substrate composition. Although Northern Pike HSI increased over time from 0.16 to 
0.40, the 2018 value has not yet achieved the NNLP modelled expectation of 0.50. The HSI value for Northern 
Pike is currently limited by the level of aquatic vegetation development in the lake (Appendix X) and is therefore 
expected to reach the modelled prediction given further developmental time. The HSI value for Yellow 

perch (0.30), a species not present in Muskeg Lake but considered for future stocking, is lower than the NNLP 
modelling prediction of 0.70. Habitat suitability for Yellow Perch is currently limited by spring water temperatures 
appearing to be too warm. However, water temperatures have only been monitored in Muskeg Lake in the late 
spring. Therefore, advancing the installation of the water quality datasondes to occur immediately after ice-out in 
the spring is recommended for future monitoring. It is expected that obtaining temperature records for the entire 
spring period would show a higher suitability for this species. 
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Table 5-34: Habitat Suitability Index Values for Muskeg Lake, 2016 - 2018 
NNLP Modelled Values Difference 2018 


2016 30,364 


Species Year HSI HU) HSI ние ни- еген 
Species Modelled as Part of the NNL Plan 
Brook Stickleback 0.52 156,000 1,894 
Fathead Minnow 0.52 156,000 1,894 
Lake Chub | 2017 | 060 | 182,185 | 180,000 2,185 
| 2018 | 060 | 182185 | | 
0.52 156,000 1,894 
White Зискег 0.74 222,000 2,695 
48,583 
Northern Pike 0.50 150,000 -28,543 
| 2016 | | 30,364 | EH 
| 2017 | | 30,64 | 
| 2018 | | 91,093 | 
| 2016 | | 759,104 | EC 
| 2017 | | 947,363 | 
| 2018 | | 1,093,112 | 


Yellow Perch(? 2017 30,364 0.70 210,000 
2018 91,093 
2016 759,104 
Total 2017 947,363 4.1 1,230,000 -136,888 
2018 1,093,112 
Colonizing Species not Modelled as Part of the NNL Plan 
Finescale Dace n/m n/m 157,894 
хаи nim nim 157,894 
Longnose Sucker | 2017 | 069 | 209,513 | n/m n/m 209,513 
| 2018 | 069 | 209513 | 


3 Yellow Perch not currently present; ® HU = HSI x As-built Lake Surface Area (303,642 m°); © HU = HSI x Design Lake Surface 
Area (300,000 m?) 
Note: HSI = Habitat Suitability Index, Hus = Habitat Units; n/m = not modelled as part of No Net Loss Plan 
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6.0 2019 MONITORING PROGRAM 
61 Hydrology Program 


Currently, the planned 2019 hydrology program will include continued monitoring of the four hydrometric stations 
and one climate station used in 2018 (K6, K9, K10, K11 and C4). Monitoring in 2019 will continue to be conducted 
in all seasons (i.e., winter, spring, summer and fall). Potential future adjustments to the hydrology monitoring 
program are discussed in Section 6.4.1. 


6.2 Water and Sediment Quality Program 


The 2019 water quality program will be similar to the 2018 program and will include continued seasonal 
monitoring (i.e., winter, spring, summer and fall) at Imperial operated stations on the Muskeg River (MR-2) and 
the Firebag River (FR-1), as well as monitoring at former regional (RAM or AEP) monitoring stations on the 
Muskeg River (MUR-6 and AB07DA0440), Wapasu Creek (WAC-1), lyinimin Creek (IYC-1) and in Kearl Lake 
(KEL-1). Seasonal (i.e., winter, spring, and late summer) water quality monitoring will also be conducted in 
Muskeg Lake (NNL-1). 


The 2019 sediment quality program will include continued fall monitoring at the stations located downstream of 
the Kearl area, including the Muskeg River (AB07DA0440), Wapasu Creek (WAC-1) and the Firebag 

River (FR-1). Late summer sediment monitoring will also be conducted in Muskeg Lake (NNL-1) and Kearl 
Lake (KEL-1). 


6.3 Fish and Fish Habitat Program 


The 2019 fish and fish habitat monitoring program will consist of monitoring of Muskeg Lake but will not include 
monitoring in Kearl Lake, which is next scheduled to be sampled in 2023. Monitoring of the biological 
development of Muskeg Lake will continue in 2019 and will include components for which monitoring was 
conducted in 2014 to 2018 (i.e., macrophytes, plankton, benthic invertebrates and fish populations). Aquatic 
macrophytes sampling will expand to a more quantified assessment of general vegetation development using 
transects and quadrat plots. Further testing will be conducted for suitable meso-habitat specific fish population 
estimate methods for future use in estimating meso-habitat and whole lake biomass densities. 


The main monitoring surveys in 2019 will continue to be scheduled to occur in the spring (late May/early June) 
and late summer (late August/early September), with the addition of an early spring visit to install the water quality 
datasondes shortly after ice-out and a mid summer (July) visit for datasonde maintenance. 


64 Recommendations for Monitoring Program Adjustments 
6.4.1 Hydrology 


In 2019, a few minor changes to the hydrology monitoring program are recommended. The air temperature 
sensor at Climate Station C4 and/or its datalogger need to be examined to determine if replacement is needed. 
The air temperature sensor will be replaced in 2019. 


Hobo loggers and a barologger should continue to be installed at the stations every spring to provide a back-up 
water level data source in the event of damage or communication issues with the primary CFB gauges. The Hobo 
logger installed at the K10 on the Firebag River needs to be better anchored to the river bed so that it can sustain 
higher flow conditions. Additionally, one of the Hobo loggers malfunctioned in 2018 and will be replaced with a 
new logger. 
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Monitoring at the remote K10 Firebag River station has been a challenge over the years due to access issues, 
with successful access in 2018 via helicopter and will need to continue in 2019. High flow or ice conditions have 
made discharge monitoring a safety issue on occasion at this station. As high flows are typical in the spring, use 
of a motorized boat and ADCP River Surveyor equipment to monitor the river flows should be investigated to 
increase the reliability of obtaining manual flow measurements in the spring. As Imperial requires a boat safety 
watch, an additional boat and crew would be required. Obtaining the higher flow measurements will provide 
additional confidence in the stage-discharge rating curve data. 


6.4.2 Water and Sediment Quality 


Recommendations for the water and sediment quality monitoring program consist of investigating alternate 
locations for Station MR-2 due to current poor access conditions. Alternate locations would maintain the station 
objectives of being located on the upper Muskeg River in the project air emissions pathway. 


6.4.3 Fish 


With the establishment of large-bodied fish populations in Muskeg Lake, it is recommended that an early spring 
site visit be added to the 2019 monitoring program to facilitate installation of the water quality datasondes 
immediately after ice-out to provide а full record of spring water temperatures to better assess habitat suitability 
for spring spawning species, and that fish ageing and fish tagging be initiated for large-bodied fish. 


Golder Associates Ltd. 


Golder and the G logo are trademarks of Golder Associates Corporation 


https://golderassociates.sharepoint.com/sites/102392/deliverables/2018nnl report/2018 annual report draft review comments 25mar.docx 
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8.0 ABBREVIATIONS 


Abbreviation 


Definition 


degrees Celsius 


greater than 
plus/minus 


Alberta Environmental Monitoring, Evaluation and Reporting Agency 
Biochemical oxygen demand 


Canadian Council of Ministers of the Environment 


Centimeter 

Catch-per-unit-effort 

Fisheries and Oceans Canada (formerly Department of Fisheries and Oceans Canada) 
Detection limit 

| | DO | Dissolved oxygen 

Dissolved organic carbon 

[.— wo À for example [Latin exempli gratia] 
Environment Canada 
Environmental Impact Assessment 


EPEA Alberta Environmental Protection and Enhancement Act 


Alberta Environment and Sustainability Resources Development 

NEM МЕБЕН | 
gram per day 
Golder Associates Ltd. 

Habitat Suitability Index 

Hydrological Simulation Program-Fortran 
____е. ___ 


= 


that is [Latin id est] 


Imperial Oil Resources Limited 


ISQG Interim sediment quality guidelines 
JOSMP Joint Oil Sands Monitoring Plan 
km kilometer 


Kearl Oil Sands Development 
Litre 

| m Мене 

square metres 
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Abbreviation Definition 
Maxxam Analytics 

milligrams as Nitrogen 

milligrams as Phosphorus 

milligrams per kilogram 

milligrams per litre 

Minimum 

milliliter 

millimetre 

Not applicable 


mg/kg 
mg/L 
in 


zz 
с о 
38 
ЦБ 
Ф 
а 
Ф 
3 
о 
m 
c 
3 


3 
3 


n/a 
NAD 
No. 
org organisms 
Polycyclic Aromatic Nitrogen Hydrocarbons 
QA Quality assurance 
Quality control 
| | RAMP | Regional Aquatics Monitoring Program 


RAM Regional Aquatics Monitoring (КАМР + JOSMP) 
Representative study reach 
Standard deviation 
Standard error 
SWRM Surface Water and Fish Monitoring 
CU True Colour Unit 
TDS Total dissolved solids 
KN Total Kieldahl nitrogen 

Total nitrogen 
Total organic carbon 
Total phosphorus 
Total suspended solids 
United States Geological Service 
Universal Transverse Mercator 
Water Survey Division 
Weight 
micrograms per kilogram 
micrograms per litre 
micrograms per cubic metre 
micron or micrometre 
microSiemens per centimetre 


о 


= 2 
о 
a 


D 


= 
= 


OC 


"iE 
d 


SS 
USGS 
TM 
SC 


5 


- zc = = 
а : 


ug/kg 
ug/L 
ug/m? 


yu S/cm 


о 
= 
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APPENDIX I 


2018 Kearl Hydrometric and 
Climate Monitoring Data 
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Table 1-1: Daily Datasets for Kearl Climate and Hydrometric Stations. 

Dus Staton C4 Station Kè Station K9 Бейсе K10 Station Kit Station K7 

Day Month Air temperature (°С) Rainfall total (mm) | Waterlevel(m) Discharge (m3/s) Water level (m) Discharge (m3/s) ^ Waterlevel(m) Discharge (13/5) ^ Waterlevel(m) Discharge (m3/s) Water level (m) Discharge (m3/s) 
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Station K11 Static 
Discharge (m3/s) 


Station C4 Station K9 Station K10 


Water level (m) 


Station K6 
Water level (m) 
99 70059252 
9371998374 
99.72485925 
99.70424067 

70488207 
99 71977533 
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99.72336608. 0.000 
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‘able 1-1: Daily Datasets for Kearl Climate and Hydrometric Stations 
Date Station C4 Station K6 Station K9 Station K10 Station K11 


Day Month Air temperature (°C) 


de la Loi sur l’accès à l'information. 


Station K7 
Rainfall total (mm)  Waterlevel(m) — Discharge(m3/s) — Waterlevel(m) Discharge (m3/s) ^ Waterlevel(m) Discharge (m3/s) Water level (m) Water level (т) 
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Table l-1: Daily Datasets for Kearl Climate and Hydrometric Stations 
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Table |-1: Daily Datasets for Kearl Climate and Hydrometric Stations. 
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ETS MST MR | -——0.— —[. 9s». | р wm [ —- wm __|___-- __|___-_ _-__-_- __|-__-- __| 
| зелен | — 188 — —[ ———94 — ООО ОНА _____ ом БЕНЕН БЕНЕН 2 [3 _|__- _| _- _|__- "|__- "| 
35340: | — Г | ___о6 ___|___9660 __|___- __|___- | CE ОРВИ ПОЕТ т. _|__- _| - |__- | 
| поеме |____то ES EC | __- __|___- ү =з | 02 | зт - |) _| _- |) -- | 
| "том | — 20933 — | 9 ______56 _|___-____|___- | сто [| өй [ - [ - _|_- | - | 
[1834317] — —221 ПО ы ПО СУ ИО EE рот __|_ 702 [9 | - _|__- "| - "| __- ___ 
ШЕГІ” | 24 ___| ——0 ——] __оољ6 | __- __| __- O L Т 705 |] 3 [| - _|___- _[__- —1 ——— __| 
146 94 - ss 
23-00-11 146 02 1.109 г. | 
сеча | а — —| ———92 ү эы ү ү роо | 994 | е |  -  ] o [р 
[241 | — 3194 _________о — | 994 _|__-____ __-______оол | 595 [| эл [ - | ос | - | _- | 
| лем |" — —194 — —[ ———9— ——] 3999 __|___- ___|__- __|__оомз 1-95 | 3:9 ^1 -- | 596 | - |. | 
[2:24:11 1 — —164 — | — —9 — —L[-—39$9 __|___- ______- ______ома __|__ роб "Lem [ —-——I——wue [LL ———L————4 
178 Со — —| T | р роон __|__ о | оғ 1| —- | өс EE "_| 
[29:311 |" — — 368 — — [ 26 1-9 __|___-_______- ром] оте |___ 152 |___- __|_ око |__- | ___- __| 
См |] — — 164 ___| ___о — | 385 _|___- __|__- _|__ ома _| то |___ 1555 | - | 59 [ | -. | 
ВЕСТ И ПОТЕ — —] 38 —[ 38983 Да __|__ 570 ГЕ - 1-59 |т__- 1 -- | 
| опали | — —158 [ оо — —| 39893 | ___-__| __- __| и __|_ от _|__ зена | | оз [ - | -- | 
олп [Г © —| ыр . ү роо | от | 3139 | - | ws | - | - | 
[озлеп | — — 338 ___| ___о____|___зњ— р 
ШТАН бај —9 — — [9998 | ___-___-| __- _|_ о _|_ от | е МОЕ __|___оз" _|__- 1 -- | 
a ee ee os oe ae oe oe ae oe ae a ЕУ | 
05-Aug-11 92 рр 0% | 9108 19.252 р) 
Голи | — — i70 — | —— 18 — | 3959 _____-_________- ____ооо | ов [| %9 | 2. | o ] - | __| 
олуп | — — 163 Га — — | 98893 — [ __- ___| __- —L—999 | 99 |» |.  —l 92$ |___- | ___- —3À 
[agr | — 530 — ] 02 — [| 39 |  - [^ - | 59. |1 se | 19.535 Ro [ll 
[ 10-Aug-11 | 158 0.2 0.009 - 

11-Aug-11 15.0 0 0.009 = 

12-Aug-11 17.2 0 0.008 - ] 
13-Aug-11 15.4 26 0.009 = 

38 96.663 9.011 тою —1453-—] ——— aM раа] 
ES | 
ПЕГЕ | И 1246 12-12-17. | 94-1 798 | - [9e | - | - | 
ШЕПТЕ | — — 3153 ИШЕН ____о ________зв__|__-_______- _____оом ——L——s __|___ 1976 _|___- __|__ о _|__- _|__- "_| 
РЕ | — 139 —— —[ —— 9 ___|___зоне ____- ___| __- ______оом —[——s$» [| зла 1 - | ыз __|__- | - | 
[Aut | лз — ОИ ХИ БЕНЕН” 7; ӘБЕН ПЕЧИ ПЕ ООВ ТОО ШОРТ БЕ 7 __|___ола _|[т__- _|__- "_| 
| гола | —— —133 [ү о ____|__звеа_____- ______- Ды | 92 | 39599 | ^ - | оке | - | "| 
| али | — 220 ___| ____о__| __звља _| __-______- __| __омо __|__ 72 | "39x [| — - |] o | - [ —- —] 
| зли | — — 218 — — [ ЗОО ме ра Да __|__омо а ој | өз | рамо |т__- "|__- ——] 
[72240931 | шш [Г © — | 398 _|___-___|___- ү шш Г 93 | 19 | - 1l ws [ - | - | 
элп | — —368 [о | ОС ООО ү _| _ о | ом | 3599 1| - |] 4 т. 1. | 
Ге ООС УЕ ОИ ООС зе __|___оомо __|__ о ] 319 | - __|__ ог ] - | - | 
Гло | =] — | — о —[ > [ __|__- —L 999 _|ј ома | ома 1|  - | 50% ] - "|  - | 
[4.5] ———38$—.—[— —9——-[—943— | — ВЕЕ —L-—59 __| „ром Те 1- - __|__ 1 _|__- ___--__-| 
[72520931 м [ о | ээ ES __|__ оке _| ома | 29% 1  - | 392 ] - "| - | 
| злим | — — 53133 — — ___њ- рв | ___-___|___- _|___омз __|_ о |__ 267 |___- __|___ "за |. | -- | 
[3341 ] --___-132 ____|_о SASE T i | | 
01-Sep-11 98.677 ae ee = 
osen [т [о] 6678 Ба ПНЕ ЕЦ 
| озбери | — — 3123 J — o | яз |___-___| __- __|___ ш __|_ о ] 22:5 | [> |. | -- | 
[05-Sep-11 | ___125 о ______ 5860 0.012 97.087 20.280 0.754 | и | 
ASS эз [= [== | ____ ом [эът | 98 | _|_ об |. | - | 
| отера | —— 219 __| ___о Sid Sree у ү ү ш __|___ 99 | 2365 ү __|___ ома |__- "|__- ——3À 
osen ____202 | ___0о — [9999 [| ү | ш — | ] 39 | | о? ] - | - | 
osen] — — 225 | —— —9 П sws | ___-_______- __|__ооо __|_ о | әне |___- __|___ о |. | ___- __ 
osen] — se |J o J sw _| __-____| __- __|___ое [чов |_ а |___- | о% |__- | —— | 
[изеп | — 3118 ___| ____о___|___ее_____-_______- _____ооо | бов | a4 |___- _|_ оз | - | - | 
[sep | ____њ-е | —9 — — [9 __|___-__|___- __|__ ом _| о | 225 | - | о” _|__- | - | 
[sep [eit SO —L 9999 _| __-____| or __|__ 5 2:5 _|___- __|__" У __|__- "|__- | 
| завери БЕРУ НИИ ПАБЕ Е € __|___- ___|-__-___|__от2 __|_оо» |] »9 |__- __|__ож 1 ___-___|__-"_| 
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Appendix | - 2018 Kearl Hydrometric and Climate Monitoring Data 18110625 


gué en vertu 


de la Loi sur l'accés à l'information. 


Datasets for Kearl Climate and Hydrometric Stations 


Date Station C4 Station К6 Station K9 Station K10 Station K11 Station K7 


Dayna] Air heingoretüm UC). | тн total (ли ВЕНЫ | Disc odo). Wir анаа: | charge ie] | Water evel fd’ Discharge (ni) ("Wester aval io ОБО d. | манетнай: Discharge ИН 
Passen ОС _______о T se P - T - | oo 97,080 20556 0417 
[Sep | — — 94 — — [45 [| se ага 57250 0385 


AS р р | 0017 97.090 | 
[esen] — wo | s [| se J o ЕИ ш» 20539 


рр om | sw | 
ШЕСІ ЗЫН БЕРЕТ БЕНЕН PE sm ES ES CZ | 9 | 

| 21-Зерлу | ^ 1361 | ^ o 98692 [ ^—- [|  - __ 90 | se | 

| звери | 162 | >o | s | | - J om [sr | 

25-Бергі 166 98594 Е 0% | 

25-Зер-11 171 98595 | 0.019 

26-Sep-11 153 98.596 0.021 2 

28-5ер-11 98.698 0.020 20.915 

| 25-5ерт! | ___ 34 | — 9 [ 9 | 904 | 20942 | 

osen — nao ој ss — [LÀ 0.019 — 99 — 29870 

| отоси | — 87 [| — 9 || 97 90 | 9.4 | 20.998 

Соо | ^ 350 —| — 02 — | 9* 5 | 9594 [| 2105 | 

ocan — — 58 | os лијеви | vo — | ns J ү =з LE ү SR 
oon — —97 — —[ > T owm J o — T L9 МОЕТ ШЕН 2:99 — | — -— [929 — ОЗ МОИ 


ПИС o f o f УГЗ — —— ЗИ ОСЕНИ НСС — [— 2:9 = ИСУ 
ооз — — 89 — [5 {[ аз [Г -— ML L9: [== [а= [Г | шс ү 
| пера ИСО ОНИ ЕРЕК”): J = J — J om | ræ | amn LB ————L — —3À 
EXE р — ee НТ | па ee 3: 

Ton 3 бєл 208 Ss НЕН ар 


пого __| о _| оте | __- __|___- гою 1 су | 424 | роз ]| - " |___- | 


[i200] ^ ^41 __|___ о" _|_ $n |  - | __- __|__ сол _|_7о7 | 23 [ - | о | - | - __| 
| о: ]| 95 — ] 9 | $n» | ___- À ос | ә | 235 [| - | oe [ - | -- | 
50 0 |__-  ] ov | p —— H 
2.1 9 | -_---_____-| - “700 ——— 0284 | 
ЖЕ ТСТ ГЕ |. за __| __о ___| молљ | __- _|__|_- | ___-___| _ооо 1] -« 1 __| _омж—_ј___- ee 
[i190 ] — М QT -Фала- | —-_ = --__ј-__- _ |“ _|_„боф-— | SRE TA” (SY ода“ _|__ = _|- __-.___| 
[2:041] — Те | —5 __|__ ома |__- _|__- | 2522" | - _|_ со _|__- | "__- __ 
Ра === oe ee др == === ај ен боже 
[| пол | __-_-<— __|-___о Jm | __-.- | _- _[__-- -_-__|__отио—- "| 9 [  -— [LI | 
[5045] м ——| — 0 — [|—m—w—|— _--___ о __. | „У "ера н | see: Ce) ле — | 
[zo БЕДЕУ; А = (ES Pees: ери ет ы је“ = eei emere ez 
[304101] 758 сов __|__ оте |___- __|__- | лом | nw |___-__|__-"_-__|__- __|___- __| 
[zoó«] € __| __о —|—waxa | ___- _|__-_ | ___- с о |- ғ | ___-"__|___- __| __- _[__- __| 
| 2508 | м к " та | - _|___- "| __- яш | e [ - _|___- __|__- _|__- ___| 
[zo | ы т та р A Kc БЕНЕН БЕНЕН БЕНЕН БЕНЕНЕСЕНЕНЕН СЕ 
[ox] ы __|__ о __|_ мл с _|__- | __- _| еы | зле |" ы О | _- ОЕ 
[3-10] ^ir __| __о__|ј 1-2... | ___- __| A | 225 |" __- ___- 1-1... 
[Low] ы И ___- __: рани |[__- __| __- _|___- __|-_оло | _ 21265 |__-_"_-|_ =" |[__- »д __--- | 
98.724 г] 97.103 21.881 
БІЗДІ та | ERI RES 
06-Nov-11 88 98.728 21.991 = =е=20 
а | __-= __| 
[ww] ^ 24 ____|____- Б ето _|__- __| __- _____- ____- A _|__2206 _|__- __[џ___- __|__-"|___-___ 
| осли ^ 4 __|__- __|_ мло | __- _| "__- | __- _| ол | ze |__- |__- —L—————L————4 
[1391] __да __|___- _|_ ~“ | __-__н _- [ol llcl$sw |——n2nw ј]__- __|__-=-"___- = __| 
[5541 Б-ы ___-___-| чији | __--_ —1——--[——— умре = 2209 р = == Te 5 | 
[241 — 50 - _|-___-=_ _ | ита | —__- __|_-- ОЕ БЕ СГ ВӘ | __рзу—_|__-_-_-_-_~ __-_ - __|__- _| 
ІШЕ "ХИ |____-27 ___ ___- ел _|__- | __- | __- __|-_ А) | 2 ла |__- _|___- __|__- "|__- __| 
34-Nov-11 56 97.107 22.212 
[1.4711 Бра __-| WW |__-__|___-"_|___- |90107 ЖЕРІН ne _|__-- _|2___- __|---_- ___-|- -_- __| 
| таму ООО Аа рам — __|__-“"_| __-" | олм | n» " _|ј_-__-__-- __-__- -" [= 4 
зыл ли __-|| Wu ER от |--_232— [| _-____-=_ _|_ :-_  _-- __| 
| позни зр ем зд __| __-_-_ ПЕС ЗОНА 26 _ | __-_____.__|__-__|_-- __| 
| голо [tego ___| _ела | __- _| "_- _|__- __| ТАТ Lm» |__- |__- _| - _|__- "_| 
[2-511 | __-27 __|__-__| ме Ses | ze |" _- _|__- __|_- МОИ 
[эе лу үз __| о | ___- _|_- _| _- _| о | 225 |__- |__- | 
23-Nov-11 2111 : 98741 Гало | 240 | - | 
59 5 98741 КР ea а к= = 
-3.4 | - 98.742 97.110 22.515 
n | aa pe ПАШ an | 
27-Nov-11 04 а 98.744 97.111 22.571 
Eh AE CT CAT RES! 57” CS) LER р = | 
| голим | — 3 | — ПОС are 22g EE 
зоми р ш __- __|_мје | __- __|"- |___- _| он | ze _|__- _|__- _|__-_|___-_ | 
яны | ^ 43 __|___-_ О мола | __- _|__- _|___- __| ома |___ 2251 _|__- МОЕ 1... 1-1 
E OIE .—|- Е "јр "ле Г = ј—_--___-__- ____-___| 
[01] — — A7 __|-___- Р __- __|_-- =" __ _ I тла EE E PE RES _- — | EL EN RESET TERE | 
Кан ыс TT БЕ: te _ зли | _- __|__--__ |___= 2" = __| 
| обеси | лз. го E S | __- _|"_- _| __- _| олз | 271 I| _|__- ОЕ | ___- "| 
ms 7 "мр |__=- _|__-- __|_ =-"__|-__=- __| 
рај (Гета = ј ы Л == У 2 У = | 
[- 7 _--|-- - _ 7 _- A Р 22.874 г 
| чобана | ____6 ____|___- DE ЗО ОН" TN (cece A CS) Бр ЕЯ НЕССИ ВИ ЗОНЕ еее НИР 
[1:011 | э SS БЕНЕН Al | 2 |__- |__- _| кс "| 
| "20 | —42 ПЕ ЗОО Е: ЗБИО _|_- ""|___- __| ом жш 1 "____- __|__-"| | __- __| 
98.756 97.115 23012 —— 
е] 97.116 — 
16-Оес-11 98.758 - — р 076 | 
17-Оес-11 98.759. |-___=- -]—£5w | аза | __-"__ј-___- __ј- -_- ___-___-2 ы 
[ 18-Dec-11_] [qw EE p nw-———-— [lc 
| зс ‚Ан == ит ср пе Цуне 1-2 p -—II-——ILL——IL-— ___ 
98761 97117 23.205 | 
| 
fr 08. 200 re | 
ы are с ызла ыз а "АІ | 
ЕЕ ЗЕ О ЗИ QT гоне = [96 I ee ee CS EE 
Pe и 
Te T 523 рр ар 
274 [ ——-  — ]-——-w- [.— —[——I———[—wem I nw | ~ _|___- | - ОИ | 
[URBE —|-___-__4 _ one | ЛӨ 1 _|__-"_ ILI. 
29-Dec-11 | == = —[--mm- [-—s Б к ——[-l—smo 4 44 | 1] _____| = СНЕ 
ВО р азая Se O Еа] 
ша 129m] рата р N L 8 | 
98.770 97.121 23536. |__--- -__--_ ___ = | __-___| 
РА a ee =] 97.121 23.592 
— QUE ERE: ELE 
[ __|__ 74 | 97.122 23.674 
|[——— ӘН. Ны је С ЕЙ ИННЫ ИЕ БСН ПОНИ –_|__-" _|_--__- __- __| 
[эе ә | ле тј Е НИЕ: 7,1: Ее 
OL пр зле ES) = | 
рај јр Це а | nw. c “пеш ој “== |. __-___ | 
[44 1 4. ][.— __|___-- = | _ома-— = ама 1 7: _|- _- _|__-_- ST | 
[ wm _|___-___|__- __|___-___| лш I ILLI __-_-___-__| 
13-Jan-12 53 : Wm | a -[—— __|___- __- ам ИЕ __|__- _|__-"_ |" - ST ЖЕНЕ 
је јр в 
[4512] ns — 1-———2-—— ] -m--[—--——[—---——I-—————I-ww. | 2 — |. _--_-__-|___- __--_-= _____- ___ 
| пејазл2 | — — 302 ү | аът __| _- "|___- _| 5 | 2" |  - _|___- . _| __- __| 
[77462-]-— —5-.— 1] —— — _|_ $ ЗИ СОБ __|-__-__ | - _-0 "0: |- 1 __|-_ -__-| __- __|-_ - _|___-__| 
| земаља À == ВЕЕР: и 77 | сек gll 
поља | — 77 ___|___-- САИ И ИИ Е НИНЕ | "уз |__моз | __- _|___-" |__- _[__-___ 
| гојал | — — 222 __|___- __| S |___- ES _| —$3: _|___ 201 __|__- ОЕ —— ——L———— ——À 
[21312] ___-о __| __-| ис ы ____- _|___- _| “зљ CS | - _|__-___| 
138 ai À 5 À = | 
рт | CA -|___2аму - | __-__|- __- pn D RE ay 
| 97.127 24171 | 
25-Jan-12 98.789 — 97.128 24.199 
ре] 
ae __--_ор _____|__---____-___| 
ы Чаш Т ы ПОС | ПОНИ A НИ ыи рр] 
эы ООС ВН ОЕ Аи |___- __|__- _|___- __| cg EE _|__- "_|[|__- | ___-___| 
[31-2032 | — — 138 __|___- __| ЭЖ | _ __- __|__- "|__- _| о |__2%" D МОЕ —— "_|__- "| 
ELOU O ы... сысы шс Ан Б __| __--_| ИВР ы. ___- __|- --____ 
СУГ | — — Д | ___-_ј 6 | ___-"|_-"_|___- _| оло | 22 |т__- | __- _|_- |__- __| 
one] i17 === À __-- = | Ai ғ, _|_--___-_Д | 
Le — —18 — ра [—WW- I ——: —lL——L-—:——l—wm-——].31—-——LIIIIL—IL—I—ILBEÉ 
ы л от и ЕВ ОЕ TEE PPE RN (PO 14: ЕЛЕСІ REE 10И те“ ___-_ __|__--__-|-_--__| 
147 98.798 wi eT __| __-___-|-__---___=- ИИ 
Быр = с a es a A ee = es HE 
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Appendix | - 2018 Kearl Hydrometric and Climate Monitoring Data 18110625 


gué en vertu 


de la Loi sur l'accés à l'information. 


Table 1-1: Daily Datasets for Kearl Climate and 


Dats Silos са Station Ke sa ke Station КО Station KH Station K7 
ha IAN "РБА EE A ME Es E ME Г писаће Байда) 1 © A ni A las Al ARE Re (ect ANS NA сељани ИЙИШ. 
[ore у ы __|___- 2539 |___-__|__- |___-___ жоюш сл LR STORE EE RS 
SES мз | НСО ——}] Cf) | БРАН 
RES лы CE а= г т SRE | 
р НЕОЛ [— 34 —[— —— a a —— 
ПОЕТ. НОР" — —]— RE 93 —]— CEE RE EE —] EC [г ОЗ ЗИ 
ПР ШЕШЕШЕР” јр а 
| ата | SS 99 ОЕ Е И [m ГІ ра Грци EEE 
ШІЛІГІН БИЕ D АЕ ЖИ ндый a RSR SE ЗЕЕ [—»u0m& —[———[—————[———I———— 
| тела | — —3194 — 7] аъ [Г ——] 

17-Feb-12 EK] [3:8 —| —- —] 

а шести нан ED 

Е 

УВЕ СЕВ ОЕ ОИ ПЕ НИ ПЕ ПЕ ОИ [ — 24944 | a 
о [—— 32m —[——: LEE 
а] | зала | 
ES 1—0] БЕ —c[———— Áo сре ливене НИ 
нет Т [ —— L8 | EE БЫ НЕЕ ЕСТ РЕН ЕЕ 
ПЕ [5 [юз НИЯ НЗ ПОНИ 6] 
эче а з=» =т= 
| зареза Гюл || ај јр тра ааа ааа аа 
Сэет ES —— — Le ||| эше [ү] 

CT лы — -[ — —— — L9 — E ———— —LÉ——L———— -—— —— — s— Ó— TURN RR ORG 
CS а] a ep ТЕБЕ БИРЕСЕ E 
ШІЛ АРІ ОЕ ИЯ ES E ——— —LÉ———LE———— =з г ү т | 
SS PRE LE НЕЕ PE СОНИЙ БАСОВ PE еони 
CEE лм [== МОС SE ESS BE 5770086 пе НЕЕ СИИ ГОНИ НЕ аа а аа 
ASE НЕССИ ОЗОН ИСО ОЕ ES A зељав ЕИ БЕИ БЕИ ЕНИ 
CASE Гм [| © ТЕЛЕН зао БИЕ БЕ БЕИ ЕИ Е 
ae EEH ЕСИ: Ирен Жан 
09-м; 2 3.1 

5 pe 
1 = [prs ЕЕ 
авв ESS 
ШЕГУ “АРН ОС Е ОИ | = [1 Г {| >»з= {>т тт | 


EN О PS ES јр | маг НО О fd 
Е ES DS — — — 927 МОЕ ОЗ ОЕ МОС А НИИ ИСИ ОЗ ПЕ ПОЗ ПИ 
ТА НОУ — —]— [=з БЕИ ГГ Б з= БЕЗИ БЕИ БЕИ ЕИ Se 
EE НОЕ У E — юва 
CEE — —52 — —] —— ——— ваи Цара 
[uz ИР, ИЕ ОСЕНИ ПЕД ЕДИНО СЕНЕ ee E 
eS —343—— —L—— — БЕЙЕК: О БЕН тен ИН ЕЕ 2 ЗЕ БЕЗБЕН: SC БЕН RENE чини поништи MCE SERRES 
Гомила ПЕ [с ИИ г ма NN эш ПЕ ООН ЗН ПОЗ 
[C222 [мо [| Гг Д | | 
7344 — в | EE 
sri | 57 | a Я 

Га — 


97.148 25.185 
97.149 


[2525 | 
$7349 | — 3262 — 
эз [ — 326368 — 


EEE 
RER 
= 
=] 
[—  ——] 
[— — —] 
[ —— —] 
==] 
ИИА 
[ee 
=| 
| 
ЕН 
==] 
элэ — | sæ ЗИ 
[ 3253: ү —] 
[—23 —|]— - —] 
[зз ү —— —] 
аи | sæ [| —— —] 
элит | sa Г ——] 
ва —] | 
| 

[-— == 
== 
== 
5] 
р 
Е 
[n 
| 
Е 

[—— —] 

К с=ш= 
RS] 
2 
| 
| 


25.799 
[---——] 
| | 
97.145 | |___-___ 
97.145 == ras = Fl 
97.146. 25.937 |___- ë 
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ЕЕ ЕТ — —33 ——[————— | LES БЕНЕН EC) COT П 17:78090 ("el ee CT “је _-___--____-< = | 
SS SS ПЕ ЗИ EST КИН ОСИ ПЕНИ КОИ таи НЫШ —-— elm ме слави паше си 
Ма 7 US БЕКЕ ананна ay TT (ET TRE Aa MM SC пен er ac eiae урин: ei] 
БЕТТЕ ШЕ a анвар НАИВНЕ И. ЈНА МЕНЕ ВИЛИ ЛИН ИН ДАНИЦЕ РВ БЕ | 
[оар oo —] 34540 
[09433 | ^ 4 ___| 24562 
EE 
[05-913 | 57 45.206 
Күү À ти Ce | __-_-__|---- __-ђ- _-- || - = | 
И. 
"BETIS еу TS CLS MENT TRES ИЕ (AT т ДЫН ез рлер Да аста 
12 о ү т = р = т = > юле ы! ee 
[153913 ИЕ И ООД ЫЫ ы-ы по. | - ар QU (= == Ете 
ада | ъз [Г = = Н | | 
[3541357] — —13——— ы ыы À та | ee | 
BD ЕТЕЙ анак, = авиа (ORNE сивим TCR OUTER STOEL EET пик I OE NEUE es ee Te MINES: SEN паници SERRE | 
[wA I | ронан. EE TOS TI ЕКСЕ) ЕРЕЕСГЛЕЕНЕН БИИ: ee A [D TS ee eee '·_ | 
ро [о [| Т | р э» [É ———LÉ————L——————3À 
38.249 0.000 [ 9747 | в | 91 рә] 
|| раје ари з= E MM 
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Date Station C4 Station K6 Station K9 Station K10 Station KH Station K7 
Day Month Airtemperature ('C) Rainfall total (mm)  Waterlevel(m) Discharge (m3/s) Water level im) Discharge (m/s) Water level (m) Discharge (m3/s) _ Water level (m) Discharge (m/s) Water level (m) ^ Discharge (m3/s) 
L we [а ГС wm РГ __- __|__- _|__- __ 
| $a ]| вэ ү әз |  - _|"_- | "_- | 
[ 543 | ^ 409 ү 9*2 |  - т - "|__- __| 
эз. ооо 
[ —we [T 233 | €*.9 >. 
[37.436 [ аз о 
д |[ 49 | өт | - ОЕ ПОЗ | 
28-Apr-13 32 | sra [| 460 | 9939 | ^ - _|__- ПЕНИ 
29-Apr-13 | H 97.340 47772 эй | — — — —L——————L —————À 
| зедила | — —4s | || 
| о-маутз | ___-3 ___| | 57.445 | 406 | 9944 | 
темірі Е-Е == те 
03-May-13 10.7 m 97.445 99.429 
| озмајтз | 155 0 [Г  ser2 [| ъ= __|___- __|___- | ө46 | 46383 | 9945 | о9 |  Á-  ]| | 


озм з EE [о [эж —]-— 998 [| [р {[ ® — [-— 3948 — [ 3194 ү ү ЕИ 
myn [юз —[ o f o o ПИС Цаво — [ss _э=ъ{[ з= у EE 
[orate] — —39 | oa] ТУ: [ оом — [ |. | уш — [aas — | oars | в ү - | SE 
оем ја [з [зз [ож — [E LES Loses seen — БЕ [| ыз ү ү 
107-718 [— ee ee БЕН 7. ЖЫН a 

| рај 
[atas | — —38 НО [р лајф овој ES [ УЕ | 95 — ли ү ү ———3À 
| тама 17.2. [| [р в [о [Т МИСС | «9.360 ҮТ эз [| 399 јр 
ETS ENS О [о {| зеље [ош | . |. | 9758 — [422 — | өм [| 39 — у À— ПОЗ 
| ама [з [о [эи ПО [ {р р [эю [эм | 3989 ES НОЕ 


| памаутз | ш Г» Г яш | ол __|___- |. | ол | өл | вш | ою | 2 | __| 
[вме | зв ___ ___о | 5572 |] оз | . |. 1 572 | аж | ом | oe ] | __- | 
[3zwey | ^ 1s — | ———9 — —]——8$s5 | 999 __|___- __|__- __|__ оу | ал! | 9s [ ол | - "|  - ] 
тему ва — | 9o — [ эз [| ооо |  - __|___- __|- ома | оз | ө | ол | 2 _|__- |) 
[iMac | 723 | 0 95s | 9% | - __|__- рове 525 | оз | оз |. |  - __| 
| 20-May-13 ] 158 5 98.548 97.467 59.533 0.615 
22-Мау-13 18.8 0 98.460 0.053 97.469 50.582 99.494 0.494 
| ај 199 ae ee ee пиши сни ваний 
REZ SES зз | 9 —]| 35 [| ооз | __|___- __| ол? ____ 5826 | 99 | ос | _|___- | 
[25-May-13 | — 3139 | — 0o — [ 95 ] о> 1 |. | 97.475 | sse | өле | оя | - | - | 
| ге-маулз | 333. |а — [| 99335 | о [ - ]| - __|_ 744 51.070 99.422 0.332 
нәз ES == 51.193 || 
[26-May-19 | 569 ___| о __| [ 02 [| - _ __- __| 72 [| sss | за | ow | - ]|  - | 
[29-May-13 | өй | 04 __| | "on [| - [ | ов | 547 | 9 | о |  - _|___- __| 
[30-May-13 | з То] | on ]| . |.| яз [ 559 | 939 | оя | 2 т | 
[stis | 482 о [  o00 ^] ^ ^- __|___- рван ПО: | өз | ол | - | __| 
| ои | |ва] [ 9 | - [| ————lL s НЕТ | 3235 | tag |. |  - __| 
[ow | пә То | [ 009 | . |. ———L—s«e | 5156  [ өз | о%  . |. | 
| озјиљаз | өз | o | Гов ү . __|___- 974g | 58 | 99: | ос |  - |  —- |) 
| ојл | 32095 __|__ о | 72-16 | ғ.) өл | оғ [ - _|___- __| 
CESSER | ^^ v9 __|___ 32 __| [ 990 галат ү 5222 | эл | ow | 
[мыз] 47 | 44 | [ 90 __|___-_____-______ 57,4 "| 544 | 5525 | "om |__- | - __| 
Lou аро [ 0054 _____-______-______-_ 57,4 "| 525€ ^ [| өз | оға p - [  - | 
[ 027 | - | ot 5256 | о? | оғ [| ^- |  - __| 
83 49 0.064 
i in о сэп E авсанаа 
0.420 53.147 
[13 | — 10 7| — 22. | 39956 [озю __|___- __| __- Гроса _____ 53265 | өзе | ow | - _|___- | 
[ues | —— ро |9666 [ ооз ү . | | 5766 _____ өзг | 55757 | оӊ ү] 
| појма | 7340 | 32 [|| 3 | we ү - |  - [sre | ss | 70 | ow | - |. | 
[133 | > | ^ 0o — | 3s [| os [| - | -  [—-ss: [^ se | s.s | ow | - |  - __| 
[ux | 33 —] 2 — | 3» | -9% ^| - __|___- __|-_- 9,52 | 57%: | 9968 | o | - [  - | 
[15-13 | > | — 92 — | "ss [ А | 53880 | 5956 | ow у /^- [  - | 
| поима | — e — | ———9 ________ ово | 05 __|___- ——]———— __|-_ 9756 | я? | $931 | o [| - |. | 
[203 | 313 — | o0 | в | 02m ^l - __|___- ____- 9% | 5Л5 | өн | oo |  - |. | 
[213u-33 | — 393 — | ———0 ровове | | ағ | $950 ^] o0 | 2. |. | 
[21 | ^ 13 |] —— | ——$*« | «n | - __|___- ______ 97508 | 59 | өл | о2 | - "|  - | 
| Зил | 02 __|___-|  ] > __|___ оса __|__- __|__- sto [ баат | өс | ow E | 
| 2ајиљлз [sg ___| 64 | [ 0$; роеви "| sets | ә | о |. [  - __| 
[ 9002 [| - | |. —————L—s52 [o sas | өз | о |. |  - | 
| ги | ___ 125 | о] [ 0x9 __|___-___-___-___|__ оу | 5% | боли [| о2 т - ]  - | 
[233 | 7а | 074 __| в __| ___-___|- __- -_____-__ 47555 1 549 | w« | 49- ]| — —— I .————] 
| гел | ә ^" [ 02 __| Гает __|___- ОЕ узе Г ж р ЖБИ ]| -_ ов - | —— 1. 1 
[2-3 | — 515 | 2 97.517 59.407 0011 Seen ss nl 
т = a E E 
0 97.520 55.468 99.383 0.014 - 
102-30-13 0 97.521 55.591 99.366 0.016 - 
_ 9 2 97.522 55713 99.346. 9.023 ee ae ==] 
| Е ОЗ ПО. 55835 | юзо | о9 | 2. | . | 
|_омез | 54 | se __| С |099 | 557 | “хе | ов [ - | - (| 
[озу 146 — 5 [ 34 | |__-__|___-___|__ 756 | зо | өе | о | - |  - | 
Corus | 58  [ 22 | Ся м | — 9929 | ол |  - | -- | 
ъз | то | 54 | |___- |тоо ______ 56324 ^ | ^ 95255 | оөз |  - |. | 
| ou: [| ^ "91 __|___о2 | С [950 [946 _|__ 927 | "ow ^ —- — |. — __| 
| 10413 | ^ 28 ^" [| 9o | рада ааа а Да зал | 56566 ^ | 99282 ^| оғ |  - |. |) 
[ uw [ 77 351 7 Т _ 1652 — ] Е sg I] ем Г |. ew | SL > = | 
105 |. = le pa —| не — Ww ре 
[341 | ^ 599 __|___ 25 __| С ___-_____|___5755 ______ өз | оз | ^ om |  - | . |) 
Гчамз | 584 | "о __| С |9 "| 597 | 5538 | оз |  - |. | 
рамзї 39 т ОИ |___- __|___- ___-__ 757 [| sve "| "9e ] "o2 | EE __| 
[35341 | ^0 027 ОО ог — Га —[——————l—s55 ______ 573 ^ | ө | "^ осе |. |. | 
| vues | то т o __| |___-____| ___-____|___о75о | 57223 | 94 | oos | - |  - |) 
[513 | ^ 0772 ___| ОИ |__-___| __- е "| 555 | өм | oes ____- |  - | 
т 
20-04-13 163 0 
21-13 175 2 
22-14-13 127 0 
23-Iu13 : Е С |С 57,54 "|. 555 ПОЕТ | оғ [ - |. | 
| 243413 |____- | 9) а-а-а 14-959 | ЕЕ | 5530 | os |. | . | 
[245 | __- ро] [ «9 |  — 9 | зо | өз [ oco [| - T[  - | 
| 269413 | ____- | о" _| [ 42 | 005 | о! | 553 | зоо | оз ]| - [ __| 
[2-413 | ___- ___|___соа __| [98.398 ^| ^ oor | 97.553 | 58645 | өз | ^ov [| - [  - | 
[263413 | ___- __|___ "а __| Г 943 | ous | 954 | 58767 | 9729 | om  [ _|__- | 
[9:41 | ___- __| 092 | [ 9535 ^| оъ [| 955 | 589 | 95345 | ос | "|  - | 
02 0.065 | 
Гыз ___- ______о2 | [0.063 ^ | 9759 | 5925 | 929 | ons T - [|  - | 
[02-Aug-13 |] ^  - ___| 592 | | — ooo | э | өзе | өза | о у  - |. | 
[03-Aug-13 | __- ___| "_ о — ——] [ 0 [ эм | 5950 | өз: | о [|  - |. | 
2 ово | 9753 | 5852 1 өзе | ow | - |. | 
[ocagi | ^77 - __|___ о __| Гоз [| 9755 | ^ ses; | 9 | ow [| - [^ - |) 
[97413 | __- 0 __| Г 0% [| 9756 | өзе | өз ү о 1 - [ - __| 
[oragi ОЗ —L— —— ——] Го | sse [| өлі | өз | в [| - |  - _| 
09-Aug-13 99.307 0.012 Гр ==" 
а 198 CET р == = = 
0.040 99.297 | = 4-21 
Ke} 0.039 99.293 0.013 | 
[agn | __- __|___- _| [ oo ^ [| "ssa | $972 | ә ү o 1| - [| "_| 
UZIT M ЕСН ПОНИ оов ______97575 | өза |] зж | 
| тоа ОЗ МОЕЙ Г 065 | 957 өзе | эз | 
| тело ОИ МОЕ ОИ sss | e | өғ | ом үр 
| Aa | L| —— -__ | [0.060 | "sss | бю [| 9 Т on [ - [| - | 
| дол | ___- __|""__- __| Г 0% — | я | аз "| өж ГТ os т - г у "| 
| подолз | __- __| __- __| | — o2 [| 9752 | ^ $125 | зз | соло [| - |. | 
[2-493 | __- __|__- __| [0.040 — | 9753 | өз? | эз | o [ - [|  - | 
| зла | ___- —— LL = | [ 0 | "ss | ^ e | ө25 | oo [ - _|__- | 
[2493] ^ - __|__- ——] | 06 __|___ 97565 | еш | 9232 | o2 [ - [  - | 
ET р] Гор | | 622 | o2 __|__- _____- __| 
| зак | ___- __|___- __| [0.036 ^ | 9758 ______6206 | 9924 | оо; у |__- _| 
[25491 | __- | _| Го | 9759 | ыш | 92: | o ]| - T  - | 
[29133 | __- __| |) оов [ 9750 | зо | 9920 | 0008 _|__- ^] | 
27-Aug-13 ELM —————À ао» [ 9752 | ^ 6242 | | ow  [  - ]|  - | 
28-Aug-13 Г 052 | 97593 | 65 | ^ 9929 | от | 2 _|ј___- | 
0.040 97.594 62.675 99.258 0.017 
Her — 0.044 97.596 62.799 99.253 0.016 
31-Aug-13 0.045 97.597 62.921 99.253 0.014 
| о-зертз | ___- | Г 05% | 9758 | 55045 | 9 | on [| - [ | 
[o5] ___- | + __| ооа ^ | 97599 | єє | 9929 | ома ]| - |. | 
| озЗераз Г. Г 008 J sre: | єз | ss | => у | -- | 
| ocsepis | ___- __| _- __| [ 05 | эю | 63409 | ө22 ү o2 ]| - |. | 
| 05-Sep-13 | ^ - ү  - __| [ 00 | эз | ^ $3532 | 92:6 | ^ om [| - |  - | 
| обзерта | __- ___|"__- ——] [ 0 — [| эю ү 63654 ү ө29 | оо | _|___-__ 
[orsps | — - _______- | о | 002 | о | э | бз | 9924 | o | - [ - | 
[0e-Sep13 9905 | 090 | |___ооа — [| ser | єз | өл4 | 5009 [ - |  - | 
[9993 | __- | | 08 | 000 | [ ом | 976% ү 54020 | 9*9 | oc [| - [|  - | 
| позераз | ә 9 | 00 — | 35 | о4 | зао ] беш | өл | ow [ - | - | 
RES ES әт а-в: | 00 — 38 | 0 | о: | 5425 | $92 | 52 ]| - | -. | 
| вено | 00 — [ 939 | 0% | 92 | ез | өза | 505 |. | . | 
Csen ] — —— [ГГ 98 | ow | за | о | оөз | ы | из [|] oc |. |  - | 
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Table |-/ Datasets for Kearl Climate and Hydrometric Stations 


Date Station C4 Station K6 Station K9 Station K10 Station K11 Station K7 


Day Month Air temperature (с) Rainfall total (mm)  Waterlevel(m) — Discharge(mi/s) ^ Water level (m) | Dischargeim3is) Water level (m) — Discharge{m3/s) Water level (m) Сізсһагде (m3/s)__ Water level (m)  Discharge (m%s) 
| "берза | 98907 | 0,000 | 98.350 | ома | Кы ARRETE 
[15-Sep-13 |  — - _____ ____- [99 | ^ 0000 ______ өзе | оо4 | Еа] 
| пебертз |___- _________- ________ 96557 000 | өзі | ода | ај ои > =} 
Ггәез| тра Да жз Г 0 __| м | 05 | [ 930 | le = ape = 
| 905 | 000 [sas | 008 — [ 34 | == т Уе 
[ъзеез[ ___- ________- _______ 5615 | 509 | 5523 | ^ oot | | 5954 | (ИТЕН ҰҒЫН 
[29-Sep-13 Г вр ____ооз | — 9848 | 0% — | Г 9:34: | SS СОСЕН 
[21-Sep-13 822 | 59 | 9842 | 0%5 | [ 934 | рај тен | 
22-Sep-13 99.214 0.018 

БЕТІН эзе 198 СЫП 

ee re EX ii тш 

|_26-5ер-13 | 99.294. 0.047 38.397 [o ПЕН 
zrSepi3 |____- ________- _______ 93590 | 5092 | 9840 | {es es арі) 
[2-913 [| _______ бо 1 ооо | 9545 | қылын ызаны! 
[2513] À | өзе | 0 | 9845 | 

| зозертз |  - [| || өлл9 | 5090 | 98359 | 

[orc] ү _______ өлч4 | шз | 9867 | 

р 9% Г м ___|___њ8% | 

| озоала T — — [оа — [ 00% — | 95 | 

| обала |. |. | 99.a7a___ [0072 | 9855 | 

[05-08-13 |. |. | seas] 0070 __| 9856 | 

| об-ошла р | 595605 | 

әз | 06| 9 | 

базу ___- ________- _______ өзе | 00 [9863 | 


“обала јаве | oe | se | 
оно | owe | vw | 
roan) — = — — =- J ss | om [| sea — 
roan)  ć = f =- ù ss | or м | 


99514 0.095 98.674 
99.494 0.078 98.637 


0.065 
> 99.482 0.069 = 
41 0.069 98.608. 1.456. 
[uos | ^ 7025 __|__- 1 | 5658 | 


[woo] ___5" __|__- к - "|__- __| 
[золы Гар р 
[203 [as | -- | 
| 20:13 | эб _|__- —] 
[2043] — 10 __|___- | 


98 476 


-Nov- 
ЕЕ) ОЕ УХ __|__- PE 


мо Е 9 
| 7700 


[тебесиз |_____-205 ^ | 
17-Dec-13 | __ 535 __|___- __| 


раза ушал сы ПИ c E 97735 
о | оэ [у с көз» 


TEE SOS RE AE ———— II И 
[2:059 | о> с | (2: ҰБН 
a RE RE TT Е = 

À И [3774 | 
Ce | 
Г яз — | и | 
| = | 
Ce —] 
Cr | 
[9770 —] 
[ ти — 
[9772 — 


4 


ы 


| 


| 


|! 


ша БОЕ БЕИ 


13-Jan-14 
Ла-Јап-14 
15-Jan-14 
16-Jan-14 


ПТИ в ү SES 
22-Jan-14 216.7 
жата [ ar || 


ЕТ ОЕ У ОИ ОНИ 
[2] НЕ ЕН НИ ЕЕ SE 


а ЕН БСН БНА ЕЕЕ Cr | 
ПЕЕ жи рю | м — 
ПЕТР ] — ГЇ | EE 97.790 5 
ПИСЕ [Г — —148 [с Ге г ы-у ш] 
С [ves] Рта 8857 —] 
рр р 18:78008 т БЕН 


97.784 
97.785 


| отела“ ES © вала 
отела | ES с =» Le 
яв |636 | 
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Maton Cá ration Ке Sion KS Station Kio LI Station K7 
Ор EE AE Sir sa ae EN D ОН Dr Ne E 2 Бана ба D M AC eR 
MET Ai. р ол р со ср ЛЕНОН | 
[— 10: |-— 52:99 —] | 
а 
[— 57203 — | — 9284 —] EE SE ЕЕ 
[984 | — £93 ee ПИ НИ ЛИН, ТЕСЕН 
(тъз ||| рю БЕНЕН DES ООН =т= 
ASS з ES БЕИ БЕРЕР ЕЕННЕН БЕ БЕИ ЕНЕСІН 
Гаел БЕРЕ ГТ БЕНЕН БЕНЕН БЕГЕН БЕНЕН БЕНЕН КЕШЕНГЕ ШШЕ `2: СЗУ ЗО || 
кла ЕС — ] Rp — ЖЕСЕ 
TSI 22 р р ево | вы oe a 
эз ——— 57273 men | — — —] 
вы T — —52 | || ee | et --------ы---рБ-- 
БЕГІН | ам БОЕ ЕН Е Е НЕЗНАНИЕ Se 
ПЕРЕСА | з Г Г РА | = js d ЗН ПЕНИ ОИ 
| зла | — —245 ||| ШЫГ 7 `1 ОЕ D SE ОИ 
ал | ЖЕНЕШЕ ES LS вааја БЕ ПЕ БЕ БЕНИ 


зена _-_|___--__-| _- Te "| ом“ | _--____- __|ј- ЕН — --_| 
ПЕГИ -_ла5 __| -__- __| -__- _|___-- | __- -_|--__- _-_| "ува —|-- 96 _|-___- _|--__- LI: 
Я 3 7| ——— ~ [—————lL————L————l-£«9-]1—4u-——I  - „_-_-______---____ 
EL __-5 — | ___- ee Ј мил _|-___.__|___-"__( = __|__- - | 
гамы | —— 2399 рро ES | _- __( _- | ___-"_| 
| озмила | з __| __- __| __- __| __- а-ы”) ss |__- |) __- |. |) __| 


Куа |___-5> __-___- __|__- _| __- _| _- _|__- _| о» | 627 |___- | __- __|__- | ___- __| 
Гое ER --_-|_____=-__-_|------__ђ = е ">=" "У" __„__-- __- "ума | "омео о __- _|__-- -__|___- __-___| 
семем сл _____- __|___- | 
Lh А = |__-___| __<- _ | - = __| _-- _ = = __|_ома- | __- об Б>. TS -__| 
| осмила | — — 193 ___ __-____|_ __-_ __|___- ___|__- _| __- __|_ 75 | 76" |__- _|__- _| __- "_|__- ___| 
- [15$ PE х= т ә __|___- __| __- A 57,54 г ЗОВИ ОЕ ПОЗ ОО ОО ОИ 
| --- | 97.836 86.010 ас es = 
ИЛБЕЛЕ | Es ee —— 86.132 fe | 
eV узми зло = ош = | = 
Е Te | 
EE | 
Е a жанара р БЕНБЕУГІНЕЕҒЕН 
[54 — [-  — л __-_- ја ~ | __- (GS 077 9 :|-___------_- = _____- ___-___| 
15-Mar-14 [Jae a јр 
16-Mar-14 [|--_--__-| -__- "| __-____ _ гуме | 9»- 1. __-_-- = | 
[74314 О __| __- ___|___-__-| __- _|_- "_|___-__| ољу ЖЕ |__- _|___- __| __- |[___-___| 
| пемила | 738 ааа даа _| __- | __- __ | 5 |т__ 722 |__- О _|__-_" |___- __| 
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Table |-1: Daily Datasets for Kearl Climate and Hydrometric Stations. 
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айу Datasets for Kearl Climate and Hydrometric Stations 
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Table 1-1: Daily Datasets for Kearl Climate and Hydrometric Stations 
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Appendix | - 2018 Kearl Hydrometric and Climate Monitoring Data 


Table 1-1: Daily Datasets for Kearl Climate and Hydrometric Stations 


Die Station C4 Station K6 Station KO Station Kio Station Kitt ва К? 
Day Month = At temperature (°C): Rafal total tm Water evel mL: Discharge mas) Water ча пў 7 Discharge iris) | Waar неке im | Dischaïge im): Waterlevelim) 7 Себе Ga) |” Wer беен. Г. Discherge (ni) 
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| xsepis] ___- _______- ___ ове 1 ом | ола | oco | изм | — 6632 | == | о —|]  - |. —. 
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сезт ү зве] 509 | 5571 | ^ 007 | 09 | оаза | ss | ош  ] |. | 
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Table 1-1: Daily Datasets for Kearl Climate and Hydrometric Stations 
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[2949-157 | — 38 | ———9 равои | зз ү 9 ^] - ^] — __| өл | o | - [  - | 
дє | ^ 83 ао] 9690 | 99 | эз | ^ 00 у  -  [ 99.027 0.131 
[254-7 | ев ___| о  [ 9898 | 0.034 ee раје 
[293597 | ^ 14 | о | 98 | 0.033 |. aug Ss are ___-_Ц 
пари — — 8 === 
07-May-17 73 0.033 0.113 
| огмауту |____ 47 ______22 9898 | ^ 0o2 | 0.088. Eee ae 
| озмаул | — —108 ___ ___о _______3652 __|___оом — | зоо ышы |  - ______- ——[——399 | =». [  - | 
| ожмаулу | — —128 ___| ___о_____з652 [| 00 ______звлез __|___ооа __|__- __|____- ров | 594 EE | 
| озмаулу | ш [> ______з6925 _____одо ^ | 345€ | 1 - __|___- | өсі ] o | - [ __| 
(муў. v4 [Го ___ зш оз | зз | ше [ - |. | өс | ow |. | B 
| отмаулу | шз [| м | — 0090 | зз [| one [| - [^ - | ] 599 - | Á - | 
| овмаулу | — п — [| — ——9 — — [3999 | о ү әс | шз |l . ПОЗ ОЗ ] 56 1|  - [| -- | 
| оосмаујлу | — — 3142 — © | 9890 | ооо | 39 | охо у — - __|___- ______ 5932 | o» |. |  - __| 
| зомајлу | з — | | 9898 | оз | 5630 | оз [|  - | - | өз | ow |. |  - | 
Гама? | и — —| — —9 — —[| 992 | оо ү түр оз | - | — - _____-_ 5931 | o ] - [|  - | 
| замајлу | — — 3102 — —| | 99 | 907 | эз | оз 1|  - | -- | өн | oe ] - |. | 
[зм | с — — [ 4 | 3599 | ооз | 35 | ома [| - 1] - _____ эл | o2 | - [  - | 
| памајлу | уз [Г эз [| эмы [ оо ^ | эх |] =з ү - | - __|_ 524 | ов | - | B 
| змају ыу | ———92 — | эз | 00и | 39:5 | 985 у — - | - | өз | ow |. |  - | 
му | — — r1 _____| ____о раен | ооо | эле | оо рро | оз к -- | 
[away | — 35 [Г 2 —] эя | о ^ | 3820 | б ү. __|__- __| эз | 3: |. [  - | 
| пемаулу | — ш р 9890 | оз | 3247 | "o5 | . _| __- _| =т=т | 339 _|__- |[___- | 
145 2 Еа ре] 
20-Мау-17 142 0.6 98.226 99.386 = 
| 189 [] [ 9821 | 5 99.361 I Г B 
| гамаујл | ът — || о — | ъз | ооз | 325 | ою ү - ^ 1 - | өл |] e |. |. | 
| гамаулу | ма ___| ___о_______зе6з _| оз | 92: | м 
ESS — — 327 [| | 9892 — | ооо — | зз | оо ү. | _|__ 523 | ов  - | - | 
| земајлу | — о [ос | 9995: [ опт | з= | ов ү __|___- | И ое Тр 
| г"мајлу ышы [| [= | о2 | оло | o |] - | — ——95 ] оз | - |  - ___ 
| гемаулу | шш [|| 9890 | — 002 | ә, | шы 1 - | - | өз | оз [ - |. | 
[253.07 | — —138— —1-— р 0m __|___- |___- | т ______-__- ли - | к |__-" 1....) 
[30-May-17 | — — 3:94 | Л 9*9 | 902 __|___- _|__- __|__- a | 07 |. | - | 
[31-May-17 | 245 БЕНЕН — l| ИНО ОБИТ __|__-___|___-__|__- ee _|__- ПЕНИ 
Соат | — —:90 ___ | ба | 902: __|__- _| ү __- | __- __|_ $3 ] ое |. | "| 
Сол | т ________-а — | —s$* |] 9o ү. ү. 99.00 ә» |. | -.- | 
jun 157 Ww ] un _| _- ___|___-__ ы ____ мог 5% |" - |__-"__| 
је ји рр ры 
мы? [ 5 {| ©. рю» ож | ез р оя рр. ү __| з | ол 1-2 | "_| 
мы? [ — — 166 — — | 92 — —| 3992 ү оз ү ъз ү от т | . _|__- рам [т ОЕ "| 
Гот | — — 3:934 — [ 9 — [ жп | оз | зз ү оз ү . "|__- _| өз | осо |. [ | 
| 39.008 
m 
po 
11-2017 9.4 02 38.996 39.396 Es Rae 
(зыт [ — — 3285 — | 3$ — 989% | оз | эз оом рр резво Гонар 
[Cue | из | 9 99.002 | ооо | зыл | оз 1 —- —[——————l——$3 cag ^] ПОНИ 
Гален ] — —327 E ПОХ | T [= | ою ут. т ——— | өғ 1-58 |. | ——] 
(шз | ма [Г ++ —] 3992 —] ооз | эл6 |] 02 | . _|__- __|_ 435 | оз | - | - | 
| полу | — — 388 —— —[ ____љ —— [| зов | ооз | эне | оз ү. | резво ром | 2 | -- | 
| "тилт | — —359 — —] —— 2$ — — | 3999 —| о | 325 | 02: 1 __- || __- __| зла | о |. | __- | 
147 | 9% | 007 [з р оз |  - | _|_ 25 | oe [ - | . | 
| полу | — —368 — [э | 98% [| 005 | өле | ооз ү - __| __- — |—923 | оз | - [ - | 
ют | Ыы (ү ы  — | ЗНА oos | 925 | 0x |] ^ - |]  — __|__ өңд | ом |. | - | 
Гы | — —32 — — [38 — | эз | ооз | —92a5 | оя рү. _| _- _| өл | оз |т__- | __- | 
| заљлу | — м | ——— [32992 | ——90 | ома | оз _|__- |.| зәм | оо ^] |. | 
Гама? — —328 |[ —9 —— | эю [| оо | зз | оз ү . [Т __- __|- мо [Т 506 |. |1. | 
(жы? | — —3$2 [ || эш | 005 | 3929 | оз ^ 1  . __|__- | өз | оо |. _|__- | 
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| овоме | ____ва __ ___о SC ШЕШ ТС ООО NE EE __| зла |__озз ____- | -- | 
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Сом | 2 —[ ___о____ __в95—_| ффъ ү _|__- __|___- _|__- __|-_ 356 |__ом | - |1 __| 
бом — —199 __| ___иљ ___|___зв97 —| ъ= = __|___-__| __-____-__-| __- _____ 5556 | ое | - | - | 
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777 sion ка Station KAO Station КҮ Station K7 
Day onthi- Arterpesbus С): : Raktal toal ui) —— TIC TIS Visar level и бен Water evel (i. Discheri (вал) 
[se |_____67 _________04 foo ro | oo | sow | oo 
ветро | в | 99 | 99992 | 0% | 
ебет ІТ | 99: | элт | 0% | м5 | 
ШЕГЕ” Е [мл [о | 98768] 0.00;_| 98.079] 0.065 | =“ъ {| 4998 {[ эзш ү о» [ . үү - | 
Гуз ОТ [о | ата {[ оол — 9508 — | — о= [ зз [ SD ОЗ 
AE [эз | 0 | sm | oon | soo | 0.03 — [ oa =т= | — | 
вв [ою [| 307 | 992 : 

0.065 
arsen а ——] 2178 
ss aso од ова 


23-Sep-17 57 0 


24-Зер-17 34 9 

25-Sep-17 137 9 98.781 
[28-Sep-17 | 122 __|___ о __| 36.776 0.001 98.108 
| ___зв.1а | 
| ___з-10 $1] 


зеет? [м | 0 [т — 
p Ceres | 
ETES 
Ce | 
[ 38782 | 
1% [3575 | 
| 38770 — 
Cr | 
[05.08.17] 87 | [ 95:9 | 
бошт ј ТК [о [з | м [эз | 0% | м | 
саз | — — 38 [о | м | 0 [ эз 0.083 — [ и ras | 
ресе | — 94 J on [р з | — 999 | 998 | 0.087 | э — 7% | 


| 10217 | ^; 20  ] 9 __| 3875 __|___оооп | элі | 509 [| 96897 
| "1-оа17 | ^ "o2 ___|___ 25 | 9874 | 007 | 98174 


126 


о оною 0.017 Г ТЕГ | 

[C207 ро 90 [оо | 93202 | — 9 ЖЕНЕ 
зот [мш [о Н: 998 — | вм | 0% —] 
вар м [0017 | вв | 09 | 
вар жш | 008 | вм | о | 
ECS ES ова | om | в | 

о роон | 009 | uns | 

ЕСИ DS 000—915 — 

| завет јој НИТИ НИЕ FE 

о 90% [002 | ва 

[aoan  ——— —— LE 9992 р 008 | w 

Core 

02-Nov-17 

[03-Nov-17] 

Croate 
ES PE MS ово —] 
CS БИЕ LE ——] 
ое |. — —] 

04 


99022 


99.019 
39013 
99017 


0.020 


0.020 
0.019 
0.019 
0.019 
0019 


99015 


е 


i 


-Nov- 
17-Nov-17 
[эел ү —] 39.006 
B рад ee УСН | 39.003 
ют ________-_______ 5598 "| 0098 | 
99005 | 008 | 98146 | 
9909 | 008 |] зета | 
29206 0.018 98.136 
99.011 0.019 98.134 
99.005 __0018 98.132 
26-Nov-17 [99.000 | о | 943 | 

Г ү ________5500 | 007 | 15 | 
|___- азоо | 5099 | 946 | 
|___- ү розов | 508 | 96128 | 

99003 
99.003 
29005 
39.007. 
99.002 
98.999 
99.001 
38.998 0.017 
99.004 0.018. 


робе |__- __|___- 904 | 0.018 


0.019 
0.018 


ele! 
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98.123 
ose | — — —— ——3] 
|00017 — — — — —3 
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0.018 
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0.017 
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Station C4 Station К6 Station K9 Station K10 Station K11 Station K7 
Air temperature (°C) Rainfall total (mm) | Water level (m) Discharge (т) Water level(m) Discharge (m3/s)__ Water level (m) Discharge (m3/s) ^ Water level (m) Discharge (m3/s) Water level (m) — Discharge (m3/s) 
ee A Ce = __ 4 [әвәз | 56 | 9927 | ^ ow _|т_-_ |. __| 
ІНГІ __|___- __|__- ___ |____-____|___5-о | ^ 49a ^ | 9926 ^ | ов |.  ] _ __- | 
|____--2 || воз | рада аа а Дж”. аз | өз | ов  ] ^ - | . | 
| 01 | |___- ада а а Да өзе | a5 ______ 59526 _|___ 0.008 [| - _|__- —] 
[40 99.000 J LS |___вољав —][ X52 — 9929 ___| 998 — [E — —L————1 
Газ || 657 | Га ааа Да ее [| a9 | 3 ]| ow [ - | - |) 
Гао ^ [  - __|__ 5 | С=С жә | ans | 3 | оғ ][ - ][  - | 
EH 96954 | aro | 206 [| 0008 |. |. |) 
-16.6 98.915 96.955 4743 99.202 0.007 E 
| __-оа 1|  - [| 48 | 96.957 4781 39 204 0.007 
oe == aa Sor eee a =к г == 
[ 24 — ] 96.961 99.201 0.007 
| ___лео ___| ____- L9 | EE | до _|___ 258 | 225 | ow [ - | . | 
а _________- ________56ањ | 995 __|___- ________-________ 5 [аво | ө | ов |. |. | 
| зрела | м ___ ____- ________ва2 |] 009 |.| ___-_- ома | аа | 32 | ow 1-2. | . | 
| горела | — — 92 ___| ___- — | 34 ОТ __|___- 06, 965 | 44 | 416 | 58 | - [ | 
[эте | з ___ ___- — | 3994 | CS __|___- розево [аве | ола | ом | - [|  - | 
[в —— лоа ______- ПОС | 0.003 С—С  [ ^ 490 | 9-19 | ое | - 1 . | 
[тела | — —38 — —]—— —: — [ 9979 | р з [ою | ошту. у — ———4 
Совға | з | ___- — | зз ] 9m | - |]  - ______ 5665 | өз | $2 | ow | - | . | 
| отела | — 33 |. | р [|| LL ҮЛЕН БЕРЕТ. [| 99299 | єє ү. — ___ 
ШЕ: ГІН [т [ — ———— —] 9978: [ 993 — [  . — LL LE 969 [эз | 99399 | оъ ү т 
|озмала | — з — — | _____- ________е76 [ =з рр  . | || == | 4565 | 516 | ow |. |. | 
ГГ ES рр esses — [ р з | оъ у у _| 
озма | — —98 БЕИ ПСИ | — 999 — ] — —— | [= — [489 | эз | ов | __-__| __- | 
|оамале | ____--> | 98.766 | рада аа Да өз |а | өғ | ^ ows |. | 
[бмв ОСА ОИ ПОЗ | ЕСИ ж ПЕС ЗИ ПОР ООС ү] 
ла |___ 52 __| 9276 | г [сж ______4+857 | 29 | 0006 | . | 
18 34 . 96.967 4588 | эз | ом | -- | 
08-Mar-18 EN 96.964 4835 99.196 0.005 
10-Mar-18 22.5 - 99.193 0.005 
| умела | 03 1] - раме |] 90» |] - ] - _|__- | [ow as  —] 
| памила | — — 52 _______- _____ зен __|___оо2 __|__- ——L ——— ——L ——— | 39.201 [ | осмо  ]| - | 
| пумила | ___ 50 __|___- __| 98.709 ee 99.199 0.011 [ - —] 
| памиле | 49 __|__- __| 38.706 0002 99.189 0.009 |___- ___| 
| помила |___27 || ___|___ жу | =т=т ^ | у ПОЗ ПОЗ [ | ooc2 __|__- | 
земиле | — 20 1| ___- E | 9 _|__- _|__- __|__- | [ o3 ^ [ ^ - __| 
[Mas | 33 |] __- роеви |] 9» [ - ] - __|__- __| г ж т __| 
| памале | — ЗОО EE sams [= —— E . г - ОЕ Loos — | — — ——] 
| пемала | — — 37 — — [-— — Е [= [| - ү - {| | [ — 50 — [ —— ——] 
| гомила | 52: 1] ___- __|" 72 | 0002 [|  - | [ wn т 
|амиле | — — 59 [Г . — La 99: р | = COEM ES 
Ггамаез | зо — 2 [| —— - [| зз | oos  ]|  »- | 0.025 |___-___ 
| азмила | — — 24 | . ажа ү 993 — | —— ——1 кел 
| замила |____55 __|___- __|_ 78 | oo |. | а] 
| миле ПОЕТ ОИ ОЕ 98.729 0008 |__- |) Г] 
| земаела | а> — 1] __- [| 76 | ос |. | 22] 
28-M: 15.3 
29- 19.8 
[ 30-маг-18 | 18.5 
ІШЕЗЕ БЕН зәр ps | Г 
Е ЕЕ: | ^ 79 т. __| | |___- ___| 
| ог-арсле | — 1-12 __|___- __| ft al 
== 2<2---.1 |__- __| = 
aay |___- __| | 
Е fies i 723) [5 
[ 06-Apr-18 | 714 мн Г] [- | 
| остала | ^7 53 ___|"__- __| |) Г 
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ШІ “АЕ | ^ 727 __|__- __| Е oe 
[оле [| — 7 54 |... | р = | Г. 
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ESS ПО У: ОО ——] |--_ ~ __| as 
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Сэму — — — | —————l зз | о] |__-___ 
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[C23:May-18 -= — 9 —] ae | 
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Table 1-1: Daily Datasets for Kearl Climate and Hydrometric Stations 
Date Station C4 Station K6 Station K9 Station K10 


Station K11 Station K7 


Day Month Air temperature (°С) Rainfall total (mm)  Waterlevel{m) Discharge (m3/s) — Waterlevel(m) — Discharge(m3/s) — Waterlevel(m) Discharge (m3/s) — Waterlevel(m) Discharge (m3/s) Water level (m) charge (m3/s) 
[ олма р] ре | м | 99856 "|. Ш 
Momie | — — —- _____ ___-________991о —] ——92902 Гео | 17645 ^ | 99522 | 0462 |  - |1. - | 
Гомила T — —— — ML —— —— [5995 [ел LS LE [эз 298 ES SE SE МОЕ 
ПСТ С T — ——— Поа —]-——— 990 БЕНЕН БЕРЕСІН БЕНЕН МОС БЕШ [24308 — [9956 TS ПЕ Е 
лее EE [зз БЕНЕН: “БЕНЕН  — LE 22 — [2429s © NS о» ү ү SE 
rane | | | sm | SE sas — [23.599 [эз | ома ү ЕИ 
Гоа | = таи — ЕНЕСІ!” — ШЕНЕУ: — ]-— 39588 — [-— О ПОЗ 
(ТИТЛ $991 [о | -= J - J om | ze | ss | ов [г . гг | 
10-18 3904 | 00 | 0491 == = == 
ТЕП 59.005 0047 эш [эш —] ОСИ ОЕ ЕНИ 
12-24-18 99.004. 0.041 15.996 99.518 0.394 Г: ] 
99.003 | vos — 12964 02% 
[ twee | - _____-_________уз0о2 | __ооу __|___- ___"___- ______ 9706 | 1203s | 39941 | 029: __| __- __| __- | 
[teers |_____- _____ _____-_________-99002 —| 993€ __|___- а 1370 [| 9949 [| 025 [|  - |  - _| 
туз с [Г —— — L9 —] 99: НОЕ ОРЗ ИИС И ИАС AN [994 | — 929 ОЕ ОИ 
Сем | 9890 | oo Т УТО - Гон | 9943 | оз [| - [|  - 1] 
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Appendix | - 2018 Kearl Hydrometric and Climate Monitoring Data 


; Daily Datasets for Kearl Climate and Hydrometric Stations. 
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STATION NUMBER IOR-KL-HY1 Muskeg River Tributary 
SOURCE AGENCY: 
LATITUDE 0.0 LONGITUDE 
0.0 
Date Processed: 2019-03-05 
11:50:12 UTC-07:00 By JHogan 
Rating for Discharge (m^3/s) 
Created by AViaud on 2019-02-16 00:07:05 [UTC], 
Updated by JHogan on 2019-02-21 22:16:43 [UTC] 
Remarks: 


EXPANDED CAQRating TABLE 


Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
.00 .01 .02 403 
.04 .05 .06 .07 . 08 
.09 .1 UNITS 
98.40 0.000* 0.001 0.002 0.002 
0.003 0.004 0.005 0.006 0.006 0.007 
0.01 
98.50 0.008 0.009 0.009 0.010 
0.011 0.012 0.013 0.013 0.014 0.015 
0.01 
98.60 0.016 0.017 0.017 0.018 
0.019 0.020 0.021 0.021 0.022 0.023 
0.01 
98.70 0.024 0.024 0.025 0.026 
0.027 0.028 0.028 0.029 0.030* 0.031 
0.01 
98.80 0.032 0.033 0.034 0.036 
0.037 0.038 0.040 0.041 0.043 0.044 
0.01 
98.90 0.046 0.047 0.049 0.051 
0.052 0.054 0.056 0.058 0.060 0.062 
0.02 
99.00 0.065 0.067 0.069 0.072 
0.074 0.077 0.080 0.082 0.085 0.088 
0.03 
99.10 0.091 0.095 0.098 0.101 
0.105 0.109 0.113 0.116 0121 0.125 
0.04 
99.20 0.129 0.134 0.139 0.143 
0.149 0.154 0.159 0.165 0.171 0.177 
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99.30 0.183 0.189 0.196 0.203 
0.210 0.218 0.225 0.233 0.241 0.250 
0.08 

99.40 0.259 0.268 0.277 0.287 
0.297 0.308 0.318 0.330 0.341 07353 
05.214 

99.50 0.366 0.379 0.392 0.406 
0.420 0.435 0.450% 

"x" indicates a rating descriptor point 
ID Starting Date Ending Date 
Aging Comments 
001 2018-08-24 17:07:15 [UTC-07:00] 
0 K6 station move 200m ds of previous location 
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STATION NUMBER IOR-KL-HY1 Muskeg River Tributary 
SOURCE AGENCY: 
LATITUDE 49.28 
LONGITUDE -123.11 
Date Processed: 2019-03-05 
11:57:28 UTC-07:00 By JHogan 
Rating for Discharge (m^3/s) 
Created by mchiarandini on 2014-11-27 18:10:30 [UTC], 
Updated by JHogan on 2019-02-27 13:50:52 [UTC] 
Remarks: New location 


EXPANDED CAQRating TABLE 


Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
.00 .01 .02 .03 
‚04 .05 .06 .07 .08 
.09 .1 UNITS 
97.60 0.000 
0.000 0.000 0.000 0.00 
97.70 0.000 0.000 0.000 0.001 
0.001 0.001 0.001 0.001 0.001 0.001 
0.00 
97.80 0.001 0.001* 0.001 0.001 
0.001 0.001 0.002 0.002 0.002 0.002 
0.00 
97.90 0.002 0.002 0.002 0.003 
0.003 0.003 0.003 0.004 0.004 0.004 
0.00 
98.00 0.005 0.005 0.006 0.006 
0.007 0.007 0.008 0.008 0.009* 0.010 
0.01 
98.10 0.011 0.011 0.012 0.013 
0.015 0.016 0.017 0.019 0.020 0.022 
0.01 
98.20 0.024 0.026 0.028 0.030 
0.033 0.035 0.038 0.041 0.045 0.049 
0.03 
98.30 0.053 0.057 0.062 0.067 
0.073. 0.079 0.085 0.092 0.100 0.108 
0.06 
98.40 0.117 0.127 0.138 0.149 
0.162 0.175 0.190* 0.193 0.197 0.200 
0.09 
98.50 0.204 0.208 0.211 0.215 
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0.219 0.223 0.227 0.231 0.235 0.239 
0.04 

98.60 0.244 0.248 0.253 0.257 
0.262 0.266 0.271 0.276 0.281 0.286 
0.05 

98.70 0.291 0.296 0.302 0.307 
0.313 0.318 0.324 0.330 0.336 0.342 
0.06 

98.80 0.348 0.354 0.360 0.367 
0.373 0.380 0.387 0.394 0.401 0.408 
0.07 

98.90 0.415 0.423 0.430 0.438 
0.446 0.454 0.462 0.470 0.479 0.487 
0.08 

99.00 0.496 0.505 0.514 0.523 
0.533 0.542 0.552 0.562 0.572 0.582 
0.10 

99.10 0.592 0.603 0.614 0.625 
0.636 0.647 0.659 0.670 0.682 0.694 
0.11 

99.20 0.707 0.719 0.732 0.745 
0.759 0.772 0.786 0.800* 


"*" indicates a rating descriptor point 


ID Starting Date Ending Date 
Aging Comments 


00012013-12-31 23:59:59 [UTC-07:00] 2018-08-24 00:00:10 
[UTC-07:00] 0 moved station during summer field visit 
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STATION NUMBER IOR-KL-HY1 Muskeg River Tributary 
SOURCE AGENCY: 
LATITUDE 49.28 
LONGITUDE -123.11 
Date Processed: 2019-03-05 
11:55:53 UTC-07:00 By JHogan 
Rating for Discharge (m^3/s) 


********Shifted for 2018-05-17 
12:36:01 UTGC-S07:007 k^ RE 


Created by mchiarandini on 2014-11-27 18:10:30 [UTC], 


Updated by JHogan on 2019-02-27 13:50:52 [UTC] 
Remarks: New location 


EXPANDED CAQRating TABLE 


Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
.00 .01 .02 , 03 
. 04 205 .06 .07 .08 
09 1 UNITS 
98.30 0.000 0.000 
0.000 0.000 0.000 0.000 0.00 
98.40 0.000 0.001 0.001 0.001 
0.001 0.001 0.001* 0.001 0.001 0.001 
0.00 
98.50 0.001 0.001 0.001 0.001 
0.002 0.002 0.002 0.002 0.002 0.002 
0.00 
98.60 0.002 0.003 0.003 0.003 
0.003 0.004 0.004 0.004 0.005 0.005 
0.00 
98.70 0.006 0.006 0.007 0.007 
0.008 0.008 0.009 0.010 0.011 0.011 
0.01 
98.80 0.012 0.013 0.015 0.016 
0.017 0.019 0.020 0.022 0.024 0.026 
0.02 
98.90 0.028 0.030 0.033 0.035 
0.038 0.041 0.045 0.049 0.053 0.057 
05:03 
99.00 0.062 0.074 0.087 0.104 
0.124 0.147 0.175 0.194 0.201 0.209 
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99.10 0.218 0.226 0.235 0.244 
0.254 0.264 0.274 0.285 0.296 0.307 
0.10 

99.20 0.319 0.332 0.345 0.358 
0.372 0.387 0.402 0.418* 0.434 0.451 
0.15 

99.30 0.469 0.487 0.506 0.526 
0.546 0.568 0.590 0.613 0.637 0.661 
0.22 

99.40 0.687 0.714 0.742 0.271 


"*" indicates a rating descriptor point 


ID Starting Date Ending Date 
Aging Comments 


00012013-12-31 23:59:59 [UTC-07:00] 2018-08-24 00:00:10 
[UTC-07:00] 0 moved station during summer field visit 
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STATION NUMBER IOR-KL-HY2 Firebag River Tributary 
SOURCE AGENCY: 
LATITUDE 0.0 LONGITUDE 
0.0 
Date Processed: 2019-03-05 
12:20:35 UTC-07:00 By JHogan 
Rating for Discharge (m^3/s) 
Created by JHogan on 2019-02-14 23:04:36 [UTC], 
Updated by JHogan on 2019-03-05 19:20:24 [UTC] 
Remarks: 


EXPANDED CAQRating TABLE 


Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
.00 .01 .02 .03 
.04 <05 .06 .07 .08 
.09 .1 UNITS 
99.10 0.000* 0.001 0.001 0.002 
0.002 0.003 0.003 0.004 0.004 0.01 
99.20 0.005 0.005 0.006 0.006 
0.007 0.007 0.008 0.008 0.009 0.009 
0.01 
99.30 0.010 0.010* 0.012 0.015 
0.018 0.022 0.027 0.032 0.039 0.048 
0.05 
99.40 0.058 0.071 0.086 0.104 
0.127 0.154 0.188 0.229 0.279 0.340* 


"*" indicates a rating descriptor point 


ID Starting Date Ending Date 
Aging Comments 


0012018-05-15 00:00:00 [UTC-07:00] 
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STATION NUMBER IOR-KL-HY2 Firebag River Tributary 
SOURCE AGENCY: 
LATITUDE 0.0 LONGITUDE 
0.0 
Date Processed: 2019-03-05 
12:13:10 UTC-07:00 By JHogan 
Rating for Discharge (m^3/s) 
Created by JHogan on 2016-12-14 22:28:29 [UTC], 
Updated by JHogan on 2016-12-14 23:55:43 [UTC] 
Remarks: Due to change in orifice line 
location and possibly the downstream control 


EXPANDED CAQRating TABLE 


Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
.00 . 01 . 02 . 03 
. 04 „05 .06 .07 .08 
.09 .1 UNITS 
98.10 0.000* 0.003 0.006 
0.010 0.013 0.016 0.019 0.03 
98.20 0.023 0.026 0.029 0.032 
0.035 0.039 0.042 0.045 0.048 0.051 
0.03 
98.30 0.055 0.058 0.061 0.064 
0.068 0.071 0.074 0.077 0.080 0.084 
0.03 
98.40 0.087 0.090* 0.092 0.095 
0.097 0.100 0.102 0.105 0.108 0.111 
0.03 
98.50 0.114 0.117 0.120 0.123 
0.126 0.130 0.133 0.136 0.140* 


"*" indicates a rating descriptor point 


ID Starting Date | Ending Date 
Aging Comments 


005 2016-01-01 00:00:08 [UTC-07:00] 2018-05-16 00:00:00 
[UTC-07:00] 0 
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STATION NUMBER IOR-KL-HY3 Firebag River 
SOURCE AGENCY: 
LATITUDE 0.0 LONGITUDE 
0.0 
Date Processed: 2019-03-05 
12:40:43 UTC-07:00 By JHogan 
j Rating for Discharge (m^3/s) 
Created by mchiaran on 2010-11-05 22:01:35 [UTC], 
Updated by JHogan on 2019-03-01 18:54:02 [UTC] 
Remarks: 2010 post freshet - present 


ОЕЕ5е 1: 96.50 
EXPANDED CAQRating TABLE 
Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
.00 „01 .02 .03 
.04 .05 .06 .07 .08 
.09 .1 UNITS 
96.50 0.800* 0.880 0.961 1.04 
1:12 1.20 1.28 1.36 1.44 1.52 
0.80 
96.60 1.60 1.69 T 1.85 
1:93 2.01 2.09 25427 2.25 2:33 
0.81 
96.70 2.41 2:91 2.74 2.99 
3.24 3:51 3479 4.07 4.37 4.68 
2.59 
96.80 5.00 5. 32 5.66 6.01 
6.36 6.73 7.21 7:50 7.89 8.30 
3.72 
96.90 8.72 9.14 9.58 10.0 
10.5 10.9 11.4 11.9 12.4 12.9 
4.68 
97.00 13.4 13.9 14.5 15.0 
15.6 16.1 16.7 TS 17.9 18.5 
5.70 
97.10 19.1 19.7 20.4 21.0 
21.6 22.53 23.0 23.41 24.3 2540 
6.60 
97.20 254.7 26.5 27.2 27:9 
28.7 29.4 30.2 31.0 31.7 3255 
7.60 
97.30 33.3 34.1 35.0 35.8 
36.6 37.5 38.3 39.2 40.1 41.0 
8.60 
97.40 41.9 42.8 43.7 44.6 
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45.5 46.5 47.4 48.4 49.4 90.3 
9.40 

97.50 915.3 5253 53.3 54.3 
55.4 56.4 5d 5 58.5 59.6 60.6 
10.40 

97.60 61.7 62.8 63.9 65.0 
66.1 67.3 68.4 69.5 70.7 13:9 
11.30 

97.70 73.0 74.2 75.4 76.6 
72158 79.0 80.2 81.5 82.7 84.0 
12.20 

97.80 85:2 86.5 87.8 89.1 
90.4 91.7 93.0 94.4 95.7 97.0 
13.20 

97.90 98.4 99.8 101 103 
104 105 107 108 110 111 
13.60 

98.00 112 114 115 117 
118 120 121 123 124 126 
15.00 

98.10 127 129 131 132 
134 135 137 138 140 142 
16.00 

98.20 143 145 147 148 
150 152 153 155 157 158 
17.00 

98.30 160 162 164 165 
167 169 171 172 174 176 
18.00 

98.40 178 180 


"x" indicates a rating descriptor point 


ID Starting Date Ending Date 
Aging Comments 


0002 2008-01-01 00:00:01 [MST] 2 


000250 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


STATION NUMBER IOR-KL-HY4 Muskeg River 
SOURCE AGENCY: 
LATITUDE 0.0 LONGITUDE 
0.0 
Date Processed: 2019-03-05 
12:44:05 UTC-07:00 By JHogan 
Rating for Discharge (m^3/s) 
Created by mchiaran on 2010-11-05 15:23:05 [UTC], 
Updated by JHogan on 2019-02-25 20:54:16 [UTC] 
Remarks: 


Offsetl: 98.70 


EXPANDED CAQRating TABLE 


Stage (m) Discharge (m^3/s) 
DIFF IN Q PER 
. 00 . 01 .02 . 03 
. 04 . 05 . 06 207, ‚08 
‚09 .1 UNITS 
98.70 0.002 0.005 
0.008 0.011 0.014 0.03 
98.80 0.017 0.020 0.023 0.026 
0.029 0.033 0.039 0.045 0.052 0.060 
0.05 
98.90 0.068 0.077 0.086 0.096 
0.107 0.118 0.129 0.142 0.155 0.168 
0.11 
99.00 0.182 0.197 0.213 0.229 
0.247 0.265 0.284 0.304 0.325 0.346 
0.19 
99.10 0.369 0.392 0.416 0.441 
0.467 0.494 0.521 0.549 0.578 0.608 
0.27 
99.20 0.638 0.670 0.702 0.736 
0.770* 0.805 0.841 0.878 0.916 0.955 
0.36 
99.. 30 0.995 1.04 1.08 1.12 
1.16 1,21 1.26 1:31 1.36: 1.41 
0.46 
99.40 1.46 151 1.56 1.62 
1.68 1.73 1.79 1.85 1.91 1.97 
0.57 
99.50 2.03 2.09 2.15 2.22 
2.28 2235 2.42 2.49 2.56 2.63 
0.68 
99.60 2.71 2.78 2.86 2.94 
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3.02 34:10 3.18 3.26 3.34 3.43 
0.80 

99.70 3.51 3.60 34.69 3.78 
3.87 3496 4.06 4.15 4.25 4.35 
0.94 

99.80 4.45 4.55 4.66 4.76 
4.87 4.97 5.08 5.19 5:30 5.42 
1.08 

99.90 54:53 5.64 5.76 5.88 
6.00% 


"x" indicates a rating descriptor point 


ID Starting Date Ending Date 
Aging Comments 
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Table 111-1 2017 апа 2018 Water Quality Program Quality Control Results — Field Blanks 


Field Blank 
Parameter ШҮЙ | waca | миса | мил | мил | маса | 
16-Oct-18 


Conventional Parameters 

pe SESS) OPES (RNS TARO EC NET OT ET [54 [ 5 | 
JHaraness, as са [тї | 05 | «5 | «s | «s | 5 | 55 | 
[owakaniyasCaco, ааа | 
Тоштазомеда | mot | 10 ао | о | 9 | «e | <ю | 
Frotalsuspendedsolids мо | = | - | - | а | «4 | ај 
[Total organic carbon" | тл | 05 | <s | <os | <ч5 | <05 | <05 | 
Dissolved organic carbon | |) тїт | 05 | <os | -os | <5 | <05 | <05 | 


Major lons 


a а 

мааа | 0% | 5% | 5% | 9% | 9% | 005 | 
Possum | met | 0% | «os | <о% | 4% | -oos | <005 | 
Sodium tm | 0% | «oos | <0% | 008 | 4% | <005 | 
me NL 
Mie — | mew. | оп [эм | эм | «00 | <от | ча | 
NE 
поли | 0% | «oos | 5% | -005 | <0% | -005 | 
Phosphorus, total — | morn [0001005] <000 | -ooor | ә | -oo0 | оон | 


eneral Organics 


hmmm  — .  — 5 [рии [э | ов | 
ham — [р +} | 00 | oo | oc | <002 | «002 | we | 
Bon —— [о [ао | to БЕГЕН БЕЗГЕН БЕЗІ! 
бон — — —  . — — | wet | 005 | «ooo | 300% | 405 | <00%5 | <0005 | 
Е 
[м | 005 | 40% | 008 | 905 | 0005 | 50% | 
Manganese | оов | «oos | 96 | 005 | 9% | 0 | 
000015 
«0.00008 
мә/ — [юш | о | «e | 0% | 002 | 002 | 500 | 

ова | | | 

о] 

[00% | | 

IET NN | 

[002 | | | 

2 


mt | où 0 | 002 


|___05 | 
|___002 | | 
| 002 | : 
Beryllium [шт | ош | оо | -oot | <oo1 | «oo! | <00 | 
рю | <0 <10 
| 5005 | 
ИШЕН 
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Table 111-1 2017 and 2018 Water Quality Program Quality Control Results - Field Blanks 


Field Blank 
Parameter res WAC-1 | Мл NNL-1 | NNL- | МАСА 
25-Oct-17 | 6-Mar-18 | 28-May-18 | 2-Sep-18 | 16-Oct-18 


Kop — — — [юш | 0% | Фо | < | «os | <005 | «oos | 
lead — — — — gt | 005 | 505 | <00% | où | 0005 | <0005 | 
Manganese ——  — — |005 | 5% | 98 | 96 | «005 | 0 | 
selenium |! | où | ои | ои | 9% | «0o | où | 


биом | we | 0% | ою | «06 | <0% | <0% | <0% | 
Titanium | wt | 05 | 95 | -05 | <05 | <05 | <05 | 
|Асепарћћеле а | 005 | - | <005 | <0005 | <0.005 | - | 
|С1 substituted acenaphthene | ш |  oo5 | - _____<0.005 | <0.005 | <0.005 |___-___ 
fAcenaphthylene р | 006 | - | «000 | -0005 | -0005 | - | 
anthracene  |ю.)|) 005 | - | <005 | <0005 | <0.005 | - | 
Divenzo(anjanthracene |) ш | 005 | - | <005 | -oo | <o005 | - | 
Benzo(ayanthracene — 7 | ш | 0.006 | - | -000 | <005 | -0005 | - | 
Benzo(c)phenanthrene | шл | 005 | - [| ows | 000 | 005 [| 
C1 substituted benzo(bjk)fluoranthene/benzo(a)pyrene | мм | ooo | - | <0005 | <0.005 | <0.005 | - | 
(C2 substituted benzo(bjkyfluoranthene/benzo(a)pyrene_| шл | 0005 |  - | -0005 | <0.005 | <0.005 | - | 
ponen — — — — [ ш | 005 |. | <005 | <0005 | <0.005 | - | 
[C1 substituted biphenyl | ш | oos | - | <005 | <0005 | -005 | - | 
(2 substituted bipheny! | ш | 005 | - | -oo | -oo | <o.005 | - | 
Chrysene |) ш | oos | - | <005 | <0005 | <0.005 | - | 
(Ст substituted benzo(ajanthracene/chrysene | шы | 045 | - | «0005 | <0005 | <0.005 | - | 
(С2 substituted benzo(a)anthracene/chrysene | шт | 0068 | . | <005 | 0005 | <0.005 | - | 
(СЗ substituted benzo(a)anthracene/cnrysene | ші | 0005 | - | <0.005 | <005 | -oo | - | 
(4 substituted benzo(a)anthracene/chrysene — — | шы | 005 | - | <006 | <0.005 | <0.005 | - | 
Divenzothiophene |) ш | 0.005 | - | <005 | <0005 | <0.005 | - | 
(1 substituted dibenzothiophene | шт | 005 | - | -oo | <000 | <0005 | - | 
[C2 substituted dibenzothiophene 7) шт | 005 | - | «0005 | <000 | <006 | - | 
(СЗ substituted dibenzothiophene 7) ші | 005 | - | -oo | -ooo | <0.005 | - | 
(4 substituted dibenzothiophene 7 | ш | 005 | - | <006 | <0.005 | -o005 | - | 
Fiuorantnene | ю.| 005 | - | <005 | <0005 | <006 | - | 
|Вепгоббајуиогаћепе | ш | 005 | - | <005 | <0005 | <0.005 | - | 
Benzo(kuoranthene | шї | oos | - | <0.005 | <0.006 | -oo5 | - | 
indeno(1,2,3-cd)fuoranthene | om | о | - | <005 | -oo | <oo5 | - | 
Forens ры | 0.005 | - | <005 | <0005 | <08| - | 
(1 substitutedfuorene | ш | 005 | - | «0005 | <005 | <o005 | - | 
(C2 substituted fluorene | ш | 005 | - | <005 | <005 | -oo5 | - | 
(3 substituted fuorene | ш | oos | - | <005 | <000 | -oo5 | - | 
Naphthatene | | 005 | - | <005 | <0005 | <o005 | -. | 
[-Metymaphtalene |) ш | о | - | 0005 | <0.005 | <0005) - | 
-Methynaphthalene | ш | 005 | - | <005 | <005 | <0.005 | - | 
(C1 substituted naphthalene | шт | oos | - | <005 | <0.005 | <005| - | 
(2 substituted naphthalene 7) шт | 005 | - | <0.005 | <005 | <o005 | - | 
СЗ substituted naphthalene 7) но | 005 | - | <000 | -oo | <005) - | 
Са substituted naphthalene | ш | 005 | - | <005 | -oo | <o.005 | - | 
peyene |. | oos | - [5005 | -oo5 | <006 | - | 
penzoghipeene |Д | юш | о | - | <005 | <0005 | <006 | - | 
Phenanthrene р | oos | - | <005 | <005 | <0.005 | - | 
(1 substituted phenanthrene/anthracene — — | wot | 005 | - | <005 | -ooo | <006 | - | 
[2 substituted phenanthrene/anthracene — | шт | 005 | - | «oo | <000 | <006 | - | 
[C3 substituted phenanthrene/anthracene | ш | 008 | - | <005 | <0.005 | <0.005 | - 

(4 substituted phenanthrene/anthracene | ші | 005 | - | <005 | <0005 | -oo5 | - 

bye | [00% | - | ses | 905 | 905 | - | 
(1 substituted fluoranthene/pyrene | 7) wo | о | - | -oo | <0.005 | <0.005 | - | 
(2 substituted fuoranthenelpyrene — | шт | о | - | <005 | <005 | <000 | - | 
(СЗ substituted fuoranthene/pyrene | өл | oos | - | 0005 | <005 | -oo5 | - | 
(Са substituted tuoranthenepyrene | ш | 0086 | - | <005 | -oo | <005| - | 
indeno(1.2,3-cd)pyrene || ш | о | - | <005 | <005 | -005 | - | 
Benzo(a)pyrene | ш | oos | - | -oos | <ooos | 998) - | 


Раре 2013 
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Table 111-1 2017 and 2018 Water Quality Program Quality Control Results – Field Blanks 


Field Blank 
Parameter бею" | waca | nni | мил | мил | маса | 


Benzo(e)pyrene __| шї | oos | - | <005 | <005 | -005 | - | 
Retenes — — — — — — y [ we | oos | - | oos | <005 | <006 | - | 


TI RE ee ваны 
had T [ 0% | - [0% | 505 | 05 | — | 
ілім оов [ [| 0005 | <00% | <0.005 | — | 


(a) pH was excluded from the assessment. 
(b) Parameter was analysed past the recommended hold time. 
Note: Notable results are in bold. 


- = no data or not applicable; џ5/ст = microSiemens per centimetre; TCU = true colour unit; < = less than; mg-N/L = milligrams as nitrogen per litre; mg- 
P/L = milligrams as phosphorus per litre; ug/L = micrograms per litre; PAHs = polycyclic aromatic hydrocarbons; РАМН5 = polycyclic aromatic nitrogen 
heterocycles. 
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"jonuoo Аујепб = 50 ‘am јод зшелболоки = 71/61 :әди 194 sruoydsoyd 
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| *c | oo | oo | vo | - | vro | zo | 01 [X De | so | to | - T so | so | io (у | _______ ош 
ы zo» zo» 20 = zo> zo» zo» [ - | ze | zo | zo | ve | — и 
төсін Е 228 elu moe eumd тї = e шт ez 20% Г | seo | esoo | zoo | 169 | ммм 
[ - | so» | so | so | - | so | so | so | - | so | so | so | - | so | so | so | - | so | so | so | мл | А url 
[ - [zoo | гооо | 2000 2 0% | 20% | 2000 | ^ ^- __| 200» | 2000 | 2000 | - | 205% | 2000 | zooo | - | с> | 200% | 2000 | |] имеш 
ПС О о а ы па | вв | ве ыы s] Los] пи [шр ве s [re ој у Сатов 
|___-_____5о00> | soo» | soo | - | 00% | soo» | S000» [soo | то | "- |е [soo | so | -- __| sow | sow | 00.1 и жм 
%00> voo> | %% | roo soo | %0 | vo | — voo> | voo - | wo | roo | ю | /|4| Ш 
Pac MENS ен E [Гэ] 060 ЕСИН ШЕГИН ИИК о 25 200] 8:0 oro | zoo | s | wo | ero | zoo | v | юж 
|__-__ oo | ev | so | - | svo | soo | soo 810 Fees] soo | ^ - | soo | svo | soo | - | воо | воо | soo | м | шира 
|___- ____ 260000 | веоооо [110000 | - | „есоооо | „ъсоооо | 110000 ©5000 | 290000 | 110000 | ^ - ___ 010000 | „тоосоо | 110005 | __- [2000 | гооо | 110000 | 169 | А 
|_~о | s | o | so | % | Го о: | ог: | soo | vé [оби 
| "ve | ог | ve | so | Га | es | es | so | v | шеми 
[ - sooo f sovo> | оу] - | [ ѕосо> | 50% f sooo | vón | — à à 3 perl 
[ӉГ% | o | од | : | % | | ov | o» | « | ум | — — 3 5 wm 
[| - | 9o | sco | soo | - | [ soo» | soo> | soo | w | — ^ ^ dd) 
[ «s | teo | 0900 | soo | x | | oero f oero f зоо | a67 тело 
|__- o> [vo | vo | - | [ vo | to | yen шпшоцо 
E ET soo | - | S000» M 5070 ея штшрео 
RE | = три Га | а et w | + | 200 RM uneg] 
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Table ІУ-1: Compiled Water Quality Data from the Firebag River Wateshed, 2006 to 2018 
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APPENDIX V 


Water Quality Seasonal Summary 
Statistics from 2006 to 2018 
Compared to Guidelines 
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Table VI-2: Operational Phase Sediment Quality Data Compared to Guidelines, 2011 to 2018 


CCME (1998) Firebag River Watershed Muskeg River Watershed 
Guidelines | — - зом | Station АВ07040440 
| за Грег | врела оаа воет 18:028 | бека | 2z0sc14 | зелол | 2&осъїв | 2-00 | тоел | 


Particle Size 
Sand content |ч% | -|-| өз [rz | о | о | e | e | e | e | о | % | 
fsitcontent р |- |- | 49 | 2 | 2s | «o | «o | 20 | <20 | 3: | за | «20 | 
[Clay content RC | e 24 | «20 | <20 | <20 |] <20 | 32 | 
joisture content |» | - | |_2" | тз» БС ПА: анн 
Carbon Content 
Eze ЕЕ <0.02 10 <0.05 <0.05 0.04 <002 | <002 | <005 | оз | <005 | 
otal organic carbon Гр м | 24 | 12 | то | ооз | оз | oz | os [м | 28 | 
frotalcarbon р Г - | s | за | s: | ов | о? | оз | оз | 05 | 14 | оз | 
Ого 
Тош! volatile hydrocarbons (CoC) [мя | - |- | «2 | «2 | <о0 | «e | <2 | <2 | <2 | <2 | <0 | <о | 
[Total extractable hydrocarbons (Су Се) | moxg | - | - | 720 [| 10 | 230 | 180 | <о | <о0 | <о | <о | <0 | <о | 
[Total extractable hydrocarbons (Су См) | тож | - | - | 500 | 1500 | 230 | 160 | < | <œ | 9 | ‹ | 10 | æo | 


[ош exraciabe hydrocarbons (СС | mog | - | - | 3&9 | sm | 140 | % | <o | «so | - | so | «ој | 
otal petroleum hydrocarbons [туф | - | - | 300 | 42% БЕТ: | aso | «so | - | ры | so | | 


FR Е ИШ КЕЗЕ ЕГ. a DR ПАС а RE ON аера OR БЕТҮ ЕШ ИЕС 
тоу — — — — — — — — — [mes ЕСЕН [ | пао [о | os о | os | os | os 
hene — — — — — тоа [5s | 7 [34 38 is | 0 | хо | чо | +0 [чо | 0 | «0 | 
ОНИ төз [e qo | re [o8 ШЕСІ |< | ШЕГШ о 5 | w | 


«20 «20 «20 «20 «20 
[ on f от | [ч | <1 | <1 | <o [| ч | <005 | 
1 2 [ 2000 | 


Cu ШЕСІ 
ова ms | - | по | 20 | а | ова | io | io | os [ом | os | 0% | 
[Copper — — ШТИ НЕЛЕ [sr] 99 0 ] 3 p 99 | so | so јао 10 | 0 | 0 | 
bon moh | - Г: | зао [з [4% | 250 | 32e | 1.800 | 2.000 | 39e | 28% | 400 | 
Lud  — og [as ИПИ по [ 2: а рю | 0 | 29 | os | os | os | vw | 
Emus — — — — — kg БЕГЕН БЕІН ОЕ И ПЕС po poe <0 [ <0 | <0 |< |< | <ю | 
Mameum __ mo БЕСІН ЕСІН so [x | 2.900 | no | 5 | 4 | 730 | so | sw | 7 | 
Manganese ТТИ БЕЗИ | | | э» | зоо | з | зоо | mw | ao | «во | з» | « | 
Mey ва Голу Гоа | Фф | oos | 95 | от | 95 | 95% | 0% | Фо | -005 | 00 | 
момент — — — — ааа | - | - | oer | ss оа | oa | oa | os | oa | oa | ча | а | 
ка ИНЕ АТТЫ ШЕШ fa ао | 27 pos [ose ао oP so | 15 | а 
взт mo ]- À и | мо | [эз | 7 | ss | +» [эз | « | « | 
СИТИ mm | = | ови fos [95 | os | з | os | os | os | os | х5 | 


= 


ver [чк | |- «ao | «0o | 2 | <2 | <о | -0 | 2 | 2 | 2 | <2 | 
[Sodium тока < 50 < 50 [ «so | ‹ | <9 | <5 | <s | < | 
= шкан ши ии SE шш шш шш шш шш шшш 
lium тока <0.3 <0.1 |_<з | -: | -: | 1 | <1 | 
[tanun mg | - | - | 25 | э» | 5 | з | з | 17 | 23 | 23 | 255 | 2 | 
pem Se <0.2 
Vanadium mg | - |_- | 714 | 9s | 47 | 43 | 17 | 14 15 17 Ec 
inc Ги | 123 | мо] <0 | <0 | <о | «0 | <о0 [| <о | <0 | <о0 [| <10 | <0 | 
get PAHs and Alkylated PAHs 
ток | - | - | оо! | <оооз | 0.005 | <0005 | <0005 «0.005 
PC CC CREER ныл SE [ило «0.0005 | «0.0005 | «0.0005 | «0.0005 
Antvracene | тою | 0047 [ 025] <0.0069 | <0.0024 | <0005 | <0005 | <00005 | <0.0005 | <00005 | <0.0005 | <00005 | 00018 | 
Dibenzo(a.hjanthracene | той [0.0062] 0.14 |-oo239""| <0.001 | 0.015" | <001 | <0001 | <о0от | <0001 | <0001 | <001 | -oo | 
Benzo(a)anthracene [| тока | 0.032 | 039 |-0.035 2 | «00005 | 001 | <0005 | <00005 | <00005 | 0.00065 | <00005 | <00005 | <0.0005 | 
Benzo(cphenanthrene [м | - | - | < 05 | <0.005 | <005 | <005 | <0.005 | <0005 | <0005 | <0.005 | <0005 | <0005 | 
[21 substituted benzo(bjk)fluoranthene / benzo(a)pyrene | тока | - [| - | 14 | оз | оза | 027 | -ooos | <05 | <005 | <.005 | <005 | <0005 | 
[cz substituted benzo(bik)fluoranthene /benzo(s)pyene | толу | - [ - | 17 | os | оле | оз | -ooos | +0005 | <0.005 | 0.005 | -oo5 | 0015 | 
hey ——  |те)| - | - | «ooos | <0005 | <0.005 | <0005 | <0005 | «0.005 «0.005 «0.005 
(C1 substituted bipheny _  — — — — — | mgxg | - | - | 00084 | 0.0081 | <0.005 | <0.005 | <0005 | <0005 | <0005 «0.005 «0.005 «0.005 
2 substituted biphenyl f mox; | - | - | 004 | 0.0058 | oooss | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | 
hrysene тока | 0057 | ове | 035" | <0.0005 | <0005 | <0005 | <00005 | <0.0005 | <00005 | 0.001: | <00005 | <00005 | 
1 substituted benzo(ajanthracene / chrysene тока | - EX OE ONU HUI | MT SR A Ne LO m 
mg/kg О 11 po fa ------5--::- 
3 substituted benzo(ajanthracene / chrysene тәкә 37 0.98 ов | 098 | <0005 | <0005 | <0.005 | <0005 | <0.005 | 0025 | 
[C4 substituted benzo(ajanthracene / chrysene | тоже | - | - | 11 | os | ог | 029 | <005 | <005 | <0005 | <0.005 «0.005 
[Dibenzothiophene —  |тю| - | - | <05 | <005 | <0005 | <0005 | <0005 | <0005 | <0005 | <0.005 «0.005 «0.005 
[| - [| - [ 5 | «0005 | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | 
оп | 024 | 025 | <0005 | <0005 | <0005 | <0.005 | <0005 | оов | 
3 substituted dibenzothiophene == 017 | 
[D - | 0.17 [ 087 | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | 
[Fluoranthene EM E | есе | шшш | ош | эте | эш | 
Е | ја је cps——rl—[— БЕСТЕН 
Benzo(b.}luoranthene [ - | - | вз | <0.0078 | 0053 | 0043 | <0001 | «000: | <02005 | 0.00079 | 000073 
Benzo(k)fuoranthene —— 2228 ыш Гк Гк D 
Fluorene | 0.021 | «0.0005 | «0.005 | <0005 | <00005 | <0.0005 | 0.00077 | <00005 | 00029 | 00011 | 
| - | - [| oos | oo | 00086 | ооз | <0005 | <0006 | <0005 | <0005 | <0005 | <0005 | 
| - | - | 028 | ооз: | ооё | 0052 | <0005 | <0.0% | <0005 | <0005 | <0005 | <0005 | 
3 substituted fluorene ШЕН [то | o2: | <0005 | 0.20 | -ooos | <0005 | <0005 | <0005 00081 | 0025 | 
japhthalene feos fr} aoe | пик: | a иш ишк: NRI шш: RR ши ш 
1-Methyinaphthalene | - | |_<0.005 | «0.005 | «0.005 | «0.005 | <0005 | «0005 | <0005 | <0005 | <0005 | <0005 | 
[ - | - [| 555 | <о005 | <005 | <005 | <005 | <0005 | <0005 | <0005 | <0005 | <0005 | 
1 substituted naphthalene 00069 | <0.005 | <0.005 | <0005 | <0005 | <0005 | <0005 | <0005 | <0.005 | <0005 | 
2 substituted naphthalene EXENUE RE EE NN m mm mE ME MM ME d 
[ - | - | cos | 0.029 | оов | 0022 | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | 
[ - | - | 023 | oos | oos | ох | <0005 | -ooos | <0005 | <0.005 | <0005 | <0005 | 
[Peens — | Г. | - | ome | <ооова | 0057 | 0052 | <0005 | <0005 | 0.0075 | 0.012 | 0022 | 0.024 | 
[ - | - | соз | <0001 | 0032 | ооо | <001 | <00 | <ооот | <0р01 | <0001 | <0001 | 
Phenanthrene — — — — — [0.042 | 0.52 | <о012 | <0.0065 | <0.005 | <0.005 | <0.0005 | <00005 | <0.0005 | <00005 | 000087 | 00011 | 
| - | - | 05 | 004 | ооз | оов | <0005 | <0005 | <0005 | <0005 | <0005 | <0005 | 
[ - |- | os | 042 | 042 | ота | <0005 | <0005 | <0005 | <0005 | <0005 | <0.005 | 
[C3 substituted phenanthrene / anthracene | тж | - | - | 12 | 024 | оз2 | 052 | <0005 | <005 | <0005 | <0005 | ооз | оол | 
IC4 substituted phenanthrene / anthracene [тож | - | - | 36 | оз | 12 | 093 | <о005 | 0005 | <0005 | <0.005 | оозв | ооз: | 
тока | 0053 | 0.88 | 024" | 0.076" | 0.082" | 0.072" | <00005 | «00005 | <00005 | 000066 | 0.0016 | 0006 | 
Ст substituted fuoranthene /pyrene | пао | - | - | та | 022 | оз | 029 | <005 | <005 | <о005 | «0005 | <0005 | <0005 | 
(С2 substituted fuoranthene /pyrene — [тм | - | - | 41 | os | 13 | то | < 05 | < 06 | <ооо5 | «006 | ол | 0092 | 
3 substituted fluoranthene / pyrene | пало | - | - | Bn | 27 | 32 | 32 | < 06 | -oos | <0005 | <ч | oo | on | 
[C4 substituted fluoranthene / pyrene | пок | - | - | 76 | оз | 19 | 23 | 5.005 | <о00 | 0005 | <0005 | <0005 | 0.051 | 
Indeno(c d-123)pyrene тока | - | - | 0037 | <0.0079 | 0016 | 0.015 | «ooo: | <007 | <ооот | <ооот | <ооот | <0001 | 
penzoapyene | тока [0032 | 078 | ооте" | оова" | 0.031 | 0.028 | <00005 | <00005 | <0.0005 | <00005 
ceo ee erum [ешт | m [зит [юз | сна <0.005 <0.005 
Reene — 1 1 1 1 Шрам | - | - | oo | оо | <0.005 | oot | <0.005 | <0005 | 0.0088 | <0005 | 0048 | 0034 | 
Соте — 5 $5 $5 3 — [mex [ - | - | cot Го” [| - | ол | ом | ом | ом | ом | ом | 0 | 


(a) Results were combined for benzo(b j,k)fluoranthene, benzo(b.j)fluoranthene and benzo(k)fluoranthene. 
1 = Value higher than the ССМЕ (1998) Interim Sediment Quality Guideline. 
01 = Analytical detection limit is higher than the ССМЕ (1998) interim sediment quality guideline. 


Note: Bolded values are higher than sediment quality guidelines. 
dry wt. = dry weight; CCME = Canadian Council of Ministers of the Environment; ISQG = interim sediment quality guidelines; PEL = probable effects level; < = less than; > = greater than; mg/kg = milligrams per kilogram; PAHs = 
polycyclic aromatic hydrocarbons; PANHs = polycyclic aromatic nitrogen heterocycles; - = no guideline or data available; DL = detection limit. 
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Muskeg River Watershed 


|_____| Station MUR-D2 Station MUR-D3 


Table VI-2: Operational Phase Sediment Quality Data Compared to Guidelines, 2011 to 2018 


Clay content % 
ИСА за. а _|_- ee ВЛАЕ 
+ | Е 
[Total carbon % Језа = ЕСЕН Жең НЯ РЕЗ fps 
[otai voiau hydrocarbons (GeO) my ЕНЕС: БЕНЕН БЕС: | æ | о [- | +0 | < | «ој < | = | = | 
[Total extractable hydrocarbons (C, -С.) тока 44 42 67 [| <2 | < | æ | «o | <4 | <» | 
жк ae oo 
otal petroleum hydrocarbons тока : 2,290 1,540 93 1270 | 35: | 185 | 145 | 143 | зе | 22 | 
Metals (Total 


pee fe 0 ИИ 
E [mox | __- | s | s | es | 9 | 72 | 23 | 29 | в | 9 | 2 | 
Бен, |е) - | o | 92 | -2 | -2 | ел | ө2 | oz | 2 | - | <1 | 


ETT а саг асу-а БЕСТЕН ган | О ы саг чч] 
Сасып ang 2580 | 260 | 195 | 1050 | 247,000 | 30000 | 
[ 91 | 


[ 5540 | 

moo [ os [зз | оз | 2s | ШЕГЕН БЕГЕН ШЕТЕН 
орай тока ee fre эн шин er os [r Пик жы 
|Соррег тако <0.5 Ms EI Ire ити 
C тою | — 14,500 5,930 puso е атаа 73,200 11,800 7,120 
Іі | ma | 34 15 0.59 [ ч5 | <s | 26 | ова | 12 | ов | 
м | - | ел | 1 | то | ла | o | s | 27 | 12 | 28 | «o | 
аза с 1,020 648 pe fst | 902 | 7870 | 2780 | 883 | 1410 | ов | 
Manganese [м | 874 246 [ uu | e | 457 | ss | м | 24 | 81 | 
[Mercury м | + E | <0.05 | <005 | «oos | <005 | 0.0089 | 
[Molybdenum — — —  — — | токо} 027 ол | оғ | сл | 16 | ов | <от | <1 | <1 | 
һе mg - 62 | 26 | оз | 21 | от | ee | 77 | 19 | 29 | 21 | 
Potassium mg | - | 40 | 1 | вз | 20 | «о | < | 52 | 24 | зю | 20 | 
[Selenium — МОС - | ог | 022 | <2 | <2 | <2 | 04 | о? | <2 | -o2 | <2 | 
іе |те| - | «2 | 2 | <2 | -2 | от | <2 | 2 | 22 | 22 | - | 
Sodum |тқе| - | <оо | < | оо | < | < | 220 | 10 | <о | <о | < | 
(Strong mg | - | з | ө | es | se | ал | во | 72 | v | 2 | 4 | 
[mam À mg | - | 9s | <ооз | < 05 | <ооз | -oos | < 05 | -oos | -oos | -oos | <055 | 
а то |_- | s [s |» |« | 5 | [s |9 | s | 93 | 
Uranium mg/kg o 23 H | 0.12 | oos | 021 | os | o: | 02 | on | 
Vanadium [токо 15 s; | 1e | sa | ла | ss | 17 | 4s | ө2 | 39 | 
ис À пој - [з [| : | во | за | за |» | ~ [4 | v | e» | 

get PAHs and Alkylated PAHs 

ap | толо | 000077 009 | 0.00011 | 0.0007 | <0.0011 | <0.00034 «0.00094 
[C1 substituted acenaphthene тәк m 0.00015 <0.00028 | <0.00055 
[Acenaphthyiene —— — [| mak; | __- | 000046 | <0.0001 | 0.000058 | <0.00015 | <0.0005 | <0.00028 | «0.00035 | 000012 | <о 000091 | <0.000066 | 
Anthracene Доке | — - |00015 | <0.00084 | 0.00017 | 000055 | <0.001 | 0001 | 00011 | 0.00022 | <000027 | 00001 | 
[Dibenzo(ahjanthracens [токе | -_ | ооовѕ" | 00052 | 000047 | <00034 | <0.0049 | <0.00031 | <о0019 | 000024 | «0.0007! | <000042 | 
|Вепгојајатћаселе мм | __- |20005 | «00042 | 000037 | 00035 | <0003 | 000037 | 00014 | 0.00041 | <000044 | 0.00028 | 
Benzo(c)phenanthrene ШЕТІН КЕЛИШИ ECO CREER ас ја ша О ee ИР Ойы ЕРЕЕН ТЕШЕРЕП 
[Ст substituted benzo(bik}fuoranthene / benzo(a)pyrene | токо | __- | ов | 0412 | 0021 | oose | 0052 | 00015 | оов | ооп | 005 | ооз | 
[Cz substituted benzo(bjk)fluoranthene / benzo(a)pyrene __| туу] — - | ол | оото | oow | 0.057 0031 | 0.0015 | 0.021 | 0.0074 | 00059 | 00074 | 
pphey ——  — À mex | __- | ooo [0.00057 | 0.0001 | 0.00021 | «0.0008 | 00018 | 00021 | 0.00058 | 000030 | 0.00033 | 
cisubsuuedbipheny | тако | ^ - | 000062 | 0.00069 | ооооз | 0.00045 | «0.00064 | 0.00081 | 00011 | 0.00059 | 0.00049 | 0.00021 | 
[= [00071 | 00018 | 02019 | 0.0023 | <ооот | 00033 | 0.0042 | 00022 | 00014 | 0.00049 | 
|- |o% | 0055 | 0.004 | 0034 | 0.02 | 0.003 | 0013 | ooo05: | 00063 | 00048 | 
|__- [ож | от? | oos | ол | oos | 00034 | 0034 | 00076 | ооз | 0012 | 
[C2 substituted Бепго(ајаптгасепе / chrysene | тко | | оз | 028 | 0028 | o: | от | 00029 | ooz | oos | ооу | ооо | 
[C3 substituted benzo(ajanthracene/chrysene | smog - | - | - 008 | - | - | - | - [oor | 
|4 substituted benzo(ajanthracene / chrysene | mo | - | - | - | - [| - <0.0087 | - | - | - | [00023 | 
[Dibenzothiophene — 1  — —  — — ^ [ mox; | > [00042 | 0004 | 0.00018 | 00011 | <0.00052 | 000087 0.00057 
mox; | - | oos | 0.035 | 000015 | 0.0058 | <0.002 | 00035 | 0.0082 | 00032 | 00026 | 00021 | 
[C2 substituted dibenzothiophene — [| mox; | — - | 022 | 045 | ooo | 022 | 000 | ооз | 002 | oon | ооз | oon | 
(C3 substituted dibenzothiophene ^ 3 ]| mox; | . | os | оз | oor | ose [| oor | oos: | oose | oos | 002 | оо | 
|4 substituted dibenzothiophene — 1 ^ (| mox | — - | os | os | 009 | 043 | o: | 0017 | ооа | 0.012 | 002 | oon | 
uoamhene mg | — - [0007 | 00024 | 000014 | 0.0015 | <00016 | 00024 
[Benzo(bjkyfuoranthene™ |m) — - | o0: | <0004 | 0.0012 | 00068 | - [000099 | 00027 | 0.0021 | <00004 | - | 
Bezobifurntee | то | - | - | - | - | - | - | - | - | - | - | - | 
JBenzo(kyuoranthene | mg | - |_- | - | - | - |_- | - | - | _- |_- | _- | 
Fuorene mg | [00015 | ооотз [0000077 | 000048 | <o.00081 | 00024 | 0.0035 | 0.00055 | 0.00065 | 0.0044 | 
[ci substtuted еее отоке |= | oms | oos | 000095 | 0.0045 | <0004 | 00060 | 0022 | 0.003 | 00017 | 00015 | 
(CZ substituted fuorene | поље | — - | 0064 | оов | ооозт | 0062 | <о0017 | 0015 | 0027 | 0004 | 00041 | 00035 | 
[C3 substiuted fuorene À те | = | om | om | ooos | оле | <о0058 | 0.036 | 0.039 | 0.0072 | 00055 | 020053 | 
[Naphthalene — [тм - [00016 | 0.00096 | 00004 | 00004 | 000092 | «0.0075 | 0003 | 00008 | 000043 | 0.00063 | 
fi-Methyinaphthalene _____________| по | - |. | - | - | |95) - | - | - | - _| осом | 
-Methyinaphthalene тока —— ИНИН ПЕН КТ Г ШЕГИН — БЕГЕН ШИРИН ИТТЕ 
1 substituted naphthalene mg/kg | 00032 | 0.0021 | 0.00037 | 0.0006 | <0.00079 | 0.0045 0.0011 0.00072 | 0.00037 
C2 substituted naphthalene ER раша | вео ова Lane Does Len [сюн fon [our 
(C3 substtuted naphihaiene _____________ тако | — - [007 | ооза [0.000 | 0012 | <ооота | 0005 | 0015 | 00079 | 00039 | 00023 | 
(4 substituted naphthalene À mox; | — - | om | 0047 | 00091 | 0.068 | <0.00092 | 0.0003 | 0.0062 | 00064 | 00048 | 0.0037 | 
Реут 2 |зе| - |] - | _- | - | - и | - | - | - | - | 0088 | 
Benzo(ghiperyene | mox | - | 002 | 0018 | 00023 | 001 | 00097 | 020076 | «ооозз | 00047 | 00021 | 00017 | 
JPhenanthrene __________________ max | __- | ооз | 0015 [000057 | 00067 | 00015 | 0.0042 | ооовв | 0.0021 | 00019 | 00014 | 
[C1 substituted phenanthrene / anthracene ________ поље | __- | «оозе | 0031 [0.000048 | 0043 | <0.002 | ооп | 0017 | 00057 | 0006 | 00048 | 
[C2 substituted phenanthrene/anthracene | тала | __- | оле | ол [0.0052 | 006 | oo: | oor | oos: | ооо | 0.0096 | 00075 | 
[C3 substituted phenanthrene/anthracene ________ поље | - | 029 | 022 | 000% | 025 | 0.027 | 0024 | oos | 00087 | oo: | oon | 
[C4 substituted phenanthrene/anthracene ______ токо | __- | 12 | 0% | 0066 | ова | 023 | oos | 075 | оза | o: | 0092 | 
ре  — 0 0 [mew | -- |207 | 0018 [0.006 | ооп | ooose | ooos: | 00062 | 0.002 | 0003 | 00023 | 
(C1 substiuted fuoranthene / pyrene _________ mox; | — - | ол | 023 | 0025 | 045 | 0088 | 0022 | oosa | 0023 | ооа | 0.02 | 
[CZ substtuted fuoranthene /pyrene —  — — — | поло | . | os | оз | 0062 | оза | 025 | 009 | 006 | 0029 | 003 | oos | 
(C3 substiuted fucranthene/pyrene _________ поло | . | os | оз | 0967 | 023 | 024 | ooo | oos | 002 | ооз | ооз | 
[C4 substtuted fuoranthene/pyrene — [тыў - | - | - | - | - | 0008 | - | - | - | - foo] 
Indeno(c.d-123)pyrene тако | = | oor | oo | 00012 | 00046 | <0.0054 | 0.00092 | <00025 | 00016 | 00016 | 00014 | 
Белоаммее | mex | __- | 00072 | 0.0072 [000079 | 00033 | <0.0057 | 000041 | 00024 | 000052 | 0.0008 | 0.00071 | 
Белеерев |е) - | - | - | айк ET hs) [ - | oe | 
eee — — [оче | -  ] oo | 0041 | 0046 | <0.0096 | 0016 | 063 | | 0.092 | 0066 | 
Е ЕЕ о шар Пи шабы ча ПАПЕ ДИ 
ТИТ ООО ПОС | - | - | - | E [ - | - | 
һсағе  —— 7 7  . . [mel - [ - | - | [| p p] 
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Table V2: Operational Phase Sediment Quality Data Compared to Guidelines, 2011 to 2018 


Station KEL-1 Station WAC-1 


| 23 | ч | % | 
Moisture conen __________ % | а | e | 9 [ эз | e [ e |» | wv | ss ] « | s [э | s | 


[Carbon Content 
se inorganic carbon |» |] - | - [L- | - | - Lo] ez | «o | «2 | о? | ow | «o5 | | 
| 36 | 3 37 17 Е | 4.1 12 18 - 


Гоа orpanie carbon] % | 89 | zr | | 
—— - 


[Total volatile hydrocarbons (C-C o) тока | «160 | <т | «100 | 160 | <10 | <20 | <2 | <2 | <2 | -2 | <ю | <0 | <0 | 


[Total extractable hydrocarbons (C,-C.) | тока | <213 | <16 | <146 | <26 | <20 <10 <10 [<10 | 
otal extractable hydrocarbons (С.С) | тока | эв | 49 | 92 | 48 | 352 | - | < | -s | << | <s | <9 | <œ | 70 | 
‘otal petroleum hydrocarbons тока 850 1120 | «1.000 1,170 1,020 <650 120 | <o | о | 40 | <o | 130 | - | 
Metals (Total) 
ee SCIES IM MIN RN 
0.39 0.13 0.14 «0.5 «10 | <10 | [ <5 | 95 | <5 | - | 
B 57 [ 49 | <о | s2 | 22 | 9) 9 | | 
Betum [м | ол | <2 | <2 | <2 | о | «o4 | о4 | <4 | <а | о4 | 94 | <4 | | 
| олз | 03 | 03 | оз | 043 | 0.34 <0.1 0.11 <005 | - | 
Г 12000 | 11.100 | 13000 | 10300 | 12300 | 13000 | 19000 900 1600 | 1900 | - | 
4 [ so | eo | 3 | 45" 32 
| 28 | 26 | 27 | 33 | 31 | 510 наны ЛЕ И-И ИЕ 
82 66 70 70 86 88 | «so | 17 | 17 | «o | «o | - | 
І 47 4s | 44 | 37 | 42 | 40 | оя | 14 | oe | oes | - | 
[ se | 31 | зз | 32 | <о | «0o | <0 | «o | «0 | <о | <0 | - | 
1670 | 1.540 | 1900 | 1800 | 5,200 | 20 | 4600 | 700 | зао | so | - | 
| 19 | ов | 108 f 120 | 180 30 240 ер 
<0.05 <0.05 0.07 0.06 <0.05 «0.05 
067 | os2 | ол | 14 | <а | <4 | ов | <4 | <4 | <4 | - | 


[ 2 | €" [3 | мо ao) 2 | 26 | «0 | 3: | - | 


Cu Le | - ] 
| <05 | <5 | - | 
[2 | -2 | - | 
Г [= ЕСЕН 
[в | - | 
т [91 | — ] 
14 

БЕЛІ ea тен 
17 
<10 <10 


т 0.0056 | 0.0038 | 0.0045 | 0.004 | 0.0032 | <0.0066 | о.0069% | <0.0005 «0.0005 «0.0005 я 
cenaphthylene ока <0.0005 | «0.0005 | <0.0005 | <00005 | <0.0005 | - | 
Anthracene | тука | 0003 | 00036 | 00013 | 00021 | 0.0016 | <0.0066 | <0.0028 | <0.0005 | <0.0005 | <0.005 | 000074] 00073 | | 
Dibenzo(a.hjanthracene | тока | <00017 | «00018 | 0.0015 | <0.0015 | <0.0022 |<00137 | <0001 | <0.001 | «000: | <0001 | «oco: | <0.001 | - | 
[Benzo(a)anthracene [мч | 0.0019 | 00024 | 00029 0.0014 | <0.0066 | <0.0005 | <00005 | 0.0018 | <0.0005 | «00005 | <0.0005 | - | 
C1 substituted benzo(bjk)fluoranthene / benzo(a)pyrene така | 0.017 | 0.0059 | 0023 | oot! | 0004 | <0067 | <0.005 | <0005 | <0.005 | <0005 | <0.005 | <0005 | - | 
[C2 substituted benzo(bjk)fluoranthene / benzo(a)pyrene gkg | 0011 | 0071 | 0013 | 00036 | <00024 | «0.067 | <0005 | <0005 | <0005 | <0.005 | <0.005 | 00093 | - | 
poney [тәмә | 00093 | 0.0076 | 00087 | 0.0057 | 0.0056 | <0067 | <0005 | <0.005 | <0005 | <0005 | <0005 | <0005 | - | 


05 


<0.0005 


(C1 substituted biphen | око | 000% | 00041 | 00029 | 00021 | 00013 | <0067 | 0033 | <0005 | «0005 | <0.005 | <0.005 | <005 | - | 
(C2 substituted bipheny [м | ооз | 0012 | oo: | 0.004 | 0002 | <0067 | o: | <00 | <0.005 | <0.005 | <0005 | «0005 | - | 
Chrysene |тою | 00053 | 00036 | 00047 | 0007 | 0.0033 | <0.0066 | <0.0005 | <0.0005 | <00005 <0.0005 | - | 
[Ct substituted benzo(a)anthracene / chrysene | тою | 0016 | oom | 002 | оо! | оов | <0.067 | <0005 | «0.005 | <0005 | <0.005 | <0005 | «0005 | - | 
(CZ substituted benzofa)anthracene/chrysene | туку | 0029 | oon | 0022 | ооп | 002 | <0.067 | 0019 | oora | 0012 | ооп | 00084 | oos | - | 
(C3 substituted benzo(a)anthracene / chysene | moxg | - | - | - | - | oos | <о067 | <0005 | 05092 | ‹0005 | <0005 | <0005 | 0012 | - | 
(4 substituted benzofa)anthracene/chrysene | mgkg | - | - [| - | - | oo | <о067 | <0005 | oo: | «0005 | <0005 | <0005 | <006 | - | 
[Dwenzothiophene | тука | 0.0027 | 00043 | оооѕе | 00019 | о0018 | <0067 | 0025 | <0005 | <0.005 | <0.005 | <0.005 | <0005 | - | 
0.0073 | 0012 | 0.005 | 0007 | <0.067 | 0061 | «0.005 | «0005 | <0005 | <0005 | <0005 | - | 
| oo23 | 00067 | оотз | «0067 | олт | <0005 | 000054 | <0005 | oon | oot | | 
[0.024 | 0.0075 | oo13 | <0067 | 0066 | <0.005 | 0.0052 | <0005 | <0005 | oon | - | 
Г 0022 | 00044 | 0.0035 | <0267 | 0032 | «0005 | «0005 | <0005 | 0015 | <ooos | - | 
| 0011 | | 0.0079 | 0.0081 | 0.00099 | <0.0005 | <0.0005 | <00005 | <00005 | «00005 | - | 
1 RES ЕСРИ БЕРЕ НАНЕЛА Ср xps CES 
|_-__ |__- f <ооове | <0.0014 | <ооот | «0.0005 | 0.0017 | 0.0074 | 00015 | - | 
БЕЛИ |___-_____-0.0066 | «00005 <0.0005 | <00005 | <00005 | <0.0005 | - | 
| 0015 | | 0012 | о0081 | 0.023° | <о.0005 | 000056 | 00027 | 0.0025 | <0.0005 | - | 
| 0032 | | oora | <0067 | 022 | <0.005 | <0005 | <0005 | <0005 | <0005 | - | 
[0014 | <0%7 | 022 | <о005 | <0005 | <0005 | <0005 | <0005 | - | 
| 002 | | 00091 | «0067 | 027 | <0205 | <0005 | <0005 | <0005 | <ooos | - | 
| 004 | 0.0079 | «00066 | 00066 | <00005 | <00005 | <0.0005 | 0001 | <0.000 | - | 
[жг] 0.0027 | «0067 | 0069 | <0.005 | <0.005 | <0005 | <0005 | <0005 | - | 
—— 0.0030 | <оове | 0085 | <0.005 | <0.005 | <0.005 | <0005 | «oos | - | 
1 substituted naphthalene 00063 | <0067 | 0:6 | <0005 | <0.005 | <0.005 | <0.005 | <0005 | - | 
0499 | 026 | 098 | <оооѕ | <0005 | <0005 | 0023 | 003 | - | 
[0024 | [ оо: | <0067 | ове | <0005 | <0.005 | <о005 | -ocos | <0005 | - | 
| 9018 | [00046 | «0067 | 056 | <0005 | <0005 | <0005 | <0.005 | <0005 | - | 
eene | = [ 0016 | <оове | <0005 | <о005 | 00067 | <0.005 | <0.005 | <0005 | - | 
| 00038 | <0.01з | «00023 | <0001 | <0001 | <0001 | <0.001 | чоту. | 
| 0016 | оотт | ооат | <0.0005 | <o.0005 | 0.00084 | 0.00089 | <0.0005 | - | 
| oo23 | 0021 | оов | <0067 | ола | <0005 | «0.005 | <0.005 | <0.005 | <0005 | - | 
[C2 substituted phenanthrene / anthracene | пуко | | 028 | 0.023 | 015 | «ooe7 | ол? | <0005 | <0005 | <0005 | <0005 | «0005 | - | 
[C3 substituted phenanthrene / anthracene | пуко | [ оозе | оого | 0019 | «0067 | олз | «oos | 00057 | oo: | oor | 004 | | 
[C4 substituted phenanthrene / anthracene ___________ токо | | ол2 | 00% | 0.052 | <0067 | 0058 | <0005 | 0009 | 0022 | 0052 | [е 
Гм | [0.0076 | 0.007 | 0.0055 | <0.0066 | 0.0023 | оооово | 0.00075 | 00012 | «00005 | 0.00072 | - | 
| ooss | 0023 | 0019 | <oo67 | 0013 | <0005 | <o.005 | <0005 | <0005 | <0005 | - | 
[C2 substituted fluoranthene Груепе | mog | | ооза | ооз | 0.015 | <0.067 | 0.025 | 0.006 | 00085 | <0005 | ооп | 003 | - | 
(C3 substituted fuoranthene / pyrene ____________ той | [oot | 0.007 | <0003 | <0067 | oo: | 015 | оов | ооз | oot | 0032 | - | 
Са substituted fluoranthene / pyrene 7 | тока | |- | -~ [oom | <оовт | 0.033 | 0.009" | oo: | ‹0005 | 00099 | ооз]. | 
[пдепос.&123руее — — —  —  — | той | [00053 | 0003 | 0.0032 | <001з | «ooo: | <о001 | <0001 | «0001 | «oo: | <o001 | - | 
| 0.0029 | «0.0014 | «0.0015 | «0.0066 | <0.0005 | <0.0005 | «0.0005 | <0.0005 | <00005 | <0.0005 | __- | 
Benzo(e)pyrene — (—  — — (— (— | поло | [ - [| - [00024 | <0.066 | <0005 | <0005 | <0005 | <0005 | <0005 | -oo5 | - | 
Не  |тю)|о | 0041 | 0.035 | 0022 | <0.067 | 0.028 | <0.005 | 0012 | oosa | 005 | 00% | - | 
Гао с ышт Помени И ыу | 
Junone — T mx | RES SRE ЕЕ [ <оот | <01 | [oon - | 
һне | LCD E [ «00: | <001 | | ом | - | 
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APPENDIX VII 


Time Series Plots for Water Quality 
Parameters 
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Figure VIII-1: Length Frequency Histogram for Brook Stickleback, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-2: Length Frequency Histogram for Brook Stickleback, Station NNL-1 (Muskeg Lake), Summer 
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Figure УШ-3: Length Frequency Histogram for Finescale Dace, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-4: Length Frequency Histogram for Finescale Dace, Station NNL-1 (Muskeg Lake), Summer 2018 
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Figure VIII-5: Length Frequency Histogram for Fathead Minnow, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-6: Length Frequency Histogram for Fathead Minnow, Station NNL-1 (Muskeg Lake), Summer 2018 
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Figure VIII-7: Length Frequency Histogram for Northern Redbelly "Расе, Station NNL-1 (Muskeg Lake), Spring 
2018 
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Figure VIII-8: Length Frequency Histogram for Northern Redbelly Dace, Station NNL-1 (Muskeg Lake), 
Summer 2018 
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Figure VIII-9: Length Frequency Histogram for Pearl Dace, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-10: Length Frequency Histogram for Peal Dace, Station NNL-1 (Muskeg Lake), Summer 2018 
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Figure VIII-11: Length Frequency Histogram for Longnose Sucker, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-12: Length Frequency Histogram for White Sucker, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-13: Length Frequency Histogram for White Sucker, Station NNL-1 (Muskeg Lake), Summer 2018 
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Figure VIII-14: Length Frequency Histogram for Northern Pike, Station NNL-1 (Muskeg Lake), Spring 2018 
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Figure VIII-15: Length Frequency Histogram for Northern Pike, Station NNL-1 (Muskeg Lake), Summer 2018 
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Appendix XI — Fish and Fish Habitat Monitoring Station March 2019 


Photo IX-1: View of Littoral Emergent Vegetation in Muskeg Lake, September 2018 


Photo IX-2: View of Woody Debris Habitat in Muskeg Lake, May 2018 
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Photo IX-4: View of Muskeg Lake Shoreline, May 2018 
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Appendix XI — Fish and Fish Habitat Monitoring Station March 2019 


Photo IX-5: Northern Pike Captured by Gill Netting in Muskeg Lake, September 2018 


Photo IX-6: White Sucker Captured by Gill Netting in Muskeg Lake, May 2018 
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Photo IX-7: Pearl Dace Captured by Minnow Trapping in Muskeg Lake, September 2018 


Photo IX-8: View of Connector Channel Facing Kearl Lake, May 2018 
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Photo IX-9: Large Woody Debris in Muskeg Lake Littoral Zone, May 2018 
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Photo ІХ-10: Black Bear іп Muskeg Lake Riparian Area 
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Photo IX-11: Longnose Sucker Captured by Gill Netting in Mu 
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Photo IX-12: Submergent Vegetation in Muskeg Lake Littoral Zone, September 2018 
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EXECUTIVE SUMMARY 


The Jackpine Lake Long-Term Monitoring Program measured key indicators of environmental quality in 
2016 and 2017 to track the status and development of the lake ecosystem. The 2017 program focused on 
the environmental quality of sediments; and the bioaccumulation of mercury in the piscivorous northern 
pike (Esox lucius) population. 


The methods and approach used 2017 were consistent with accepted environmental monitoring 
techniques and previous studies in Jackpine Lake. Sediment quality was evaluated for a range of 
physico-chemical characteristics, including analytes with established environmental quality guidelines 
such as metals and polyaromatic hydrocarbons (PAH). The toxicity of sediments was assessed using 
controlled toxicity assays with cultured invertebrates. The bioaccumulation of mercury in northern pike 
was measured from non-lethally sampled muscle tissue plugs, with supporting data collected on fish 
morphology and age determination. The program was designed to collect sufficient individuals to assess 
tissue mercury concentrations, while the supporting morphology and age data provides information on 
changes in the northern pike population since Jackpine Lake was commissioned in 2010. 


The sampling and analysis components of the 2017 assessment adhered to standard operating 
procedures and no quality issues were noted, except for the erroneous measurement of total methyl- 
mercury instead of total mercury in pike tissues. Studies have shown approximately 100% of the mercury 
in pike and other piscovorous fish is in the form of methyl-mercury (Bloom 1992, Duffy et al 1999, 
Jackson 1990, Jewett et al 2003, Lasorsa and Allen-Gill 1995). The high correspondence between tissue 
total mercury and total methyl-mercury concentrations in other studies support the direct comparison of 
the 2017 tissue mercury data to the earlier results in the program. However, some uncertainty remains 
because of the potential underestimation of tissue total mercury concentrations. 


Sediment quality indicators, including the concentrations of metals and PAH, were generally less than the 
most conservative environmental quality guidelines for the protection of aquatic life. The sediments in 
Jackpine Lake continue to accumulate finer particles and organic matter, which may be associated with 
the observations of increased metal concentrations. In contrast, the concentrations of hydrocarbons and 
PAH in sediments did not vary substantially relative to previous monitoring programs in Jackpine Lake. 
The results of the toxicity assays were consistent with the physico-chemical characterization of the 
sediments. Jackpine Lake sediments did not affect the survival of aquatic invertebrates in controlled 
assay conditions; however, some effects to the growth rate were observed in sediment samples from the 
southern basin of the Lake in 2017. 


Although the 2017 program was focused on pike larger than 150 mm, fish across a range of ages and 
sizes continue to be captured in the mercury tissue monitoring program. Fish condition metrics (i.e., 
Fulton's K and relative weight) indicate that the growth and development of pike in Jackpine Lake has 
remained consistent since the beginning of the program. The majority of fish sampled in 2017 had tissue 
mercury concentrations less than the Health Canada guideline for subsistence fishers, and average 
concentrations appear to have been decreasing since 2014. As expected, older fish have higher tissue 
mercury concentrations; however, younger fish appeared to be accumulating less mercury in 2016 and 
2017 relative to the period of 2011 to 2014. 
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1.0 INTRODUCTION 
1.1 OBJECTIVES 


The purpose of the Jackpine Lake Long-Term Monitoring Program (the Program) is to characterize and 
assess key indicators of aquatic health in Jackpine Lake. The 2017 Program focused on two key 
indicators: (1) environmental quality of sediment; and (2) bioaccumulation of mercury and health of higher 
aquatic trophic levels. The two assessments were comprised of the following components: 


= Sediment sampling to describe environmental quality using physico-chemical analysis and toxicity 
screening; and 


= Collection of northern pike (Esox lucius) tissue samples for mercury analysis and supporting 
measurements of fish condition and age. 


1.2 BACKGROUND 


In February 2004, the Energy and Utilities Board and Government of Canada Joint Review Panel 
approved the Shell Canada Energy (Shell) Application for development of the Alberta Oil Sands Project 
(AOSP) and associated infrastructure. These project components, together known as the Jackpine Mine 
Project (the Project), are located approximately 70 kilometres north of Fort McMurray and 10 kilometres 
east of Fort McKay. In 2017, Canadian Natural Upgrading Limited (Canadian Natural) acquired the AOSP 
from Shell, including the Project. As part of the regulatory approval of the Project, Fisheries and Oceans 
Canada (DFO) provided an Authorization (No. ABO1-743-1) for the harmful alteration, disruption, or 
destruction of fish habitat (HADD). The Authorization stipulated that monitoring must be undertaken for 
five years to determine if permanent fish habitat gains at the prescribed compensation ratio have been 
achieved, to the satisfaction of DFO. The Alberta Energy Regulator (AER) also required Shell to monitor 
the compensation habitat to ensure it supports a sustainable fishery, as outlined in the Environmental 
Protection and Enhancement Act Approval (EPEA 153125-00-00). 


The first six years of the Program (2010-2015) followed a phased approach, initially sampling physical 
and chemical habitat variables, followed by the incorporation of lower trophic levels of aquatic organisms, 
and finally higher trophic levels. A detailed discussion on the design and rationale of the Program is 
presented in the Shell document titled “Evaluating Aquatic Losses and Compensation Offsets in the 
Athabasca Oil Sands" (Hatfield 2010). 


Data collected over the first six years of monitoring have shown that the ecological progression of 
Jackpine Lake has and continues to occur. The biological colonization by multiple trophic levels, including 
piscivorous fish, indicates that the physical and chemical characteristics of the lake are suitable to sustain 
a fully-functioning and ecologically-diverse lake ecosystem. 


Historically, the two primary objectives of the Jackpine Lake monitoring program were to: (1) confirm fish 
populations are established at an acceptable rate and the lake is ecologically self-sustainable; and (2) 
collect the data that are required to calculate habitat unit offsets for the ten focal fish species. These 
objectives largely have been fulfilled by utilizing scientifically defensible sampling methods to: 
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= Quantify habitat gains and fish abundance, to confirm that the amount of habitat created will 
offset Project-related losses; 


= Track trophic status, to ensure Jackpine Lake continues to progress towards an ecologically self- 
sustaining lake at an acceptable rate; and 


= Provide appropriate information to inform adaptive management decisions with respect to future 
monitoring plans. 


At the December 3rd, 2015 meeting with DFO, Shell presented a proposed Long-Term Monitoring 
Program for Jackpine Lake. This proposal recognized that Jackpine Lake is ecologically and physically 
stable, based on six years of intensive monitoring during its development. Moreover, the habitat features 
and habitat units proposed in the 2010 Jackpine Lake No Net Loss Plan have been achieved or 
exceeded. The Long-Term Monitoring Program recognizes that many parameters of the original 
monitoring program are no longer required or do not require the same sampling frequency, and it was 
proposed that most parameters be sampled on a 3-5 year schedule. In contracts, Shell (now Canadian 
Natural) committed to continue annual sampling of those parameters that approached or exceeded 
guidelines and/or where the potential for impacts are still unclear (i.e., sediment toxicity, sediment 
chemistry, and fish tissue total mercury content). Although fisheries population information is an important 
indicator for Jackpine Lake, the current monitoring program design requires revision to provide a more 
representative sample for all species, particularly forage fish. This last requirement will be the subject of a 
future monitoring design. 


1.3 STUDY AREA OVERVIEW 


Construction of Jackpine Lake began in the winter of 2008/09, consisting of clearing and ditching to 
dewater the muskeg located within the lake footprint, with infilling occurring between March 27 and 
April 26, 2010. The lake is positioned in the Muskeg Creek watershed, with the northern basin replacing 
approximately 300 m of the downstream end of the original Muskeg Creek channel. The most 
downstream 100 m of Muskeg Creek remains, and as expected, this reach contains flow only during 
moderate or higher flood conditions. Muskeg Creek now flows into the northeast end of the lake, while the 
lake outlet is located at the southwest end of the lake and joins Muskeg Creek with Muskeg River 
(Figure 1.1 and Figure 1.2). The lake is comprised of three distinct areas: a north basin, a shallow 
interconnecting narrows, and a larger, deeper south basin. The lake has a total surface area of 47.3 ha, 
of which 27% is < 2 m in depth, 28% is between 2 m and 5 m, and 45% is > 5 m. The lake has a mean 
depth of 5.1 m, with maximum depths of approximately 7 m and 11 m in the north and south basins, 
respectively. 


Jackpine Lake was designed to support year-round fish populations and to maintain fish passage 
between Muskeg River and Muskeg Creek. Habitat enhancements were engineered to increase fish 
productivity throughout the lake, including large organic debris structures cabled to the lake bottom, 
boulder placements, planting of littoral zone aquatic vegetation, and positioning of cobble and gravel 
substrates near the lake inlet. 
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Figure 1.1 Aerial photograph of Jackpine Lake and the pre- and post-construction 
locations of lower Muskeg Creek. 


Jackpine Lake 
Muskeg Creek 
Outlet 


< 


меке Creek Channel Muskeg River 
У (Рте-Сотртаке) 


Мизкед 
Creek Inlet " 
jy} 
Direction 
=> Of FIOW 
У 9р: 
Syncrude Aurora 
Í. =» 


Јаскрте Lake Monitoring Program 3 Hatfield 


000502 


209000 


рхш'01 12212102 Z ^ SUISANSON Mewie^Q | 1614 ZH98TIIHS\OXN vze9sTi3HsWoeloid eje gy 
000 00S 000 обр 000 08r 000 027 000 097 


SINVLINSNOD 
РІНЕН xq» 
‘dWsOr Woy suones биџоџџоџ (4 
"дешезев us3 ONY pLOZ ‘ZL 1sn6ny 
uonnjoseJ 4205 243089 'Алэбещ| (e 
N seanos ejeq 


NZL әио2 W1N $861 AYN ‘uomeloiq 
0007052: :э1е5$ 


000`0ЄЄ'9 


А ФХелпдолі роу 


^5 Wex3 
dey шеу 
у 


о 
w 
ы 
о 
о 
© 
о 


000'092 "9 


uoneis 
биџоџиоуі AWSOF 


puoBe] 


000'09€'9 


000 06% 000 "08% 000 027 000 09+ 


“швед зәл! Beysnw eu} ш ѕиоцезѕ бишоџиош 4WSOF pue exe эшахэег jo uone»01 7} әпбі- 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


2.0 METHODS 


The key objectives of the 2017 aquatic health assessments were to continue to measure the physical and 
chemical characteristics of the lake sediment, assess sediment toxicity, assess fish tissue mercury 
loading, and compare the results with appropriate environmental quality guidelines. 


2.1 SAMPLING LOCATIONS 


The 2017 Program collected samples from 12 sites located around the lake perimeter and body, which 
served as fishing and sediment sampling locations (Table 2.1). Two of the sites (JCL-1 and JCL-2) are 
deep sites with maximum depths of approximately 7 and 11 m, respectively. The other sites are 
positioned around the shoreline of the lake (Figure 2.1). 


Table 2.1 Sampling coordinates and sampling techniques. 
ro Station Name UTM Coordinates Sampling Techniques 

Deep-water JCL-1 12U 476432 E 6351944 N Sed Chem, Tox 
JCL-2 12U 476240 E 6350651 N Sed Chem, Tox 

Littoral JCL-3 12U 476428 E 6352048 N EF 
JCL-4 120 476521 E 6351833 М EF 
JCL-5 12U 476425 E 6351726 N EF 
JCL-6 12U 476453 E 6351484 N EF 
JCL-7 12U 476420 E 6351191 N EF 
JCL-8 12U 476503 E 6351071 N EF 
JCL-9 12U 476100 E 6350718 М EF, AN 
JCL-10 12U 476469 E 6350548 N EF, AN 
JCL-11 12U 475718 E 6350361 N EF, AN 
JCL-12 12U 475713 E 6350362 N Sed Chem, EF, AN 


Note: EF = Electrofishing, AN = Angling, Sed Chem = Sediment Chemistry, ТОХ = Toxicity sampling 
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2.2 FIELD SAMPLING PROGRAM 


The aquatic health assessments of Jackpine Lake were carried out by S. McGrath and K. Roberts in 
2017. Sampling activities are outlined in Table 2.2. The weather was a mix of rain and sun, and 
temperatures varied from 0 to 5°C. 


Table 2.2 Field program activities completed in 2017. 


Date Activities 

Oct 17 Travel to site, sediment sampling at JCL-1, JCL-2, and LIT-1 
Oct 18 Electrofishing and fish processing 

Oct 19 Angling, fish processing, and travel home 


2.2.1 Record Keeping 


А field notebook was kept for the duration of the field program to document weather, hourly activities, and 
any noteworthy wildlife sightings and/or relevant contact with site personnel. Field data sheets were filled 
out promptly and include fishing effort, fish data (length, weight, etc.), and supporting sediment and water 
quality observations. All relevant coordinates were recorded on data sheets and in field notebooks. 
Photos were taken of the site, of sediment sampling, and of select captured fish. 


The appendices present a report on the QA/QC program (Appendix A1), summarized data records for 
sediment quality (Appendix A2), the analytical laboratory reports for sediment quality and toxicity 
(Appendices A2.1 and A2.2), the fish capture and processing records (Appendix A3), and the analytical 
laboratory reports for fish ageing and tissue analyses (Appendix A4). 


2.2.2 Sediment 


At each station, sediments were collected with a 15cm x 15cm Ekman grab (0.023 m? sampling area). To 
minimize potential for sample contamination at each station, pans, spoons, and the dredge were cleaned 
with a metals-free soap (i.e., Alconox), rinsed with hexane, rinsed with acetone, and triple-rinsed with 
ambient water prior to each sample collection. A grab sample was successful if the jaws closed 
completely and the sampler contained adequate sediment. Successful grabs were transferred to a 
stainless-steel pan until a sufficient volume had been collected for analysis. The number of grabs required 
to obtain sufficient volume was recorded. The sediments were then homogenized in the pan using a 
stainless-steel spoon and transferred into sterilized glass jars for chemical analyses and sealable plastic 
bags for the particle size and total organic carbon (TOC) analyses and sediment toxicity assays. Each 
container was labeled with the site name, collection date and time, and the analysis requested. All 
sediment samples were kept in coolers and maintained at approximately 4°С. Samples were packed with 
ice for shipment. All chemical and physical analyses were conducted by ALS (Edmonton, Alberta), except 
РАН$, which were analyzed by SGS-AXYS (Sidney, British Columbia). Sediment toxicity bioassays were 
completed by Maxxam Analytics (Burnaby, British Columbia). 
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2.2.3 Fish 


The 2017 assessment targeted northern pike as the sentinel species for fish health and mercury 
accumulation. Fish were caught using angling and electrofishing methods to collect sufficient sample 
sizes while also minimizing capture stress and injury. 


Boat electrofishing was conducted using a Smith-Root 2.5 GPP portable electrofisher with dual boom 
arrays and one dip-netter; sampling using 1 x 100 m transects parallel to shore was performed at all 
stations, beginning with the southern littoral area that was the most productive habitat in previous years. 
Mean electrofishing effort was 140 s in 2017. The start and end coordinates of each transect were 
recorded along with the fishing effort (Appendix A3). Electrofisher settings were consistent with previous 
Jackpine Lake fish capture programs: 60hz, 60dc, and Low power. 


Angling consisted of 15 minutes of spin-casting from near-shore stations using an assortment of fishing 
tackle. UTM coordinates of each angling location and the length of time spent fishing are documented in 
Appendix A3. 


All captured large-bodied fish were identified to species, weighed with a digital hanging (50 kg + 20 g) or 
tabletop scale (400 g + 0.01 g), measured (+ 1 mm fork length), and examined for passive integrated 
transponder (PIT) tags. All fish greater than 150 mm in length received PIT tags, to allow recapture data 
to be generated during future sampling events. PIT tags were inserted into the ventral area of the 
abdominal cavity midway between the pectoral and pelvic fins using an MK10 syringe-style implanter. A 
Biomark 601 handheld reader was used to scan captured large-bodied fish for the presence of previously 
deployed PIT tags. Anal fin rays were collected from each northern pike for ageing analysis, using 
protocols described in MacKay et al. (1990); the minimum size for non-lethal ageing structure collection 
was 150 mm. The fin rays were placed in scale envelopes to dry, and shipped to North/South Consultants 
(Winnipeg, MB) for age determination. 


A 4-mm dermal punch was used to collect non-lethal tissue samples from each northern pike that measured 
2150 mm. Samples were placed in sterile 2 g cryovials and were immediately flash frozen on dry ice to 
prevent moisture loss due to evaporation. Samples were shipped on dry ice to Flett Research (Winnipeg, 
MB) for mercury analysis. 


2.3 SAMPLE ANALYSIS 
2.3.1 Sediment Quality 


Lake sediments were analyzed by accredited laboratories (ALS Environmental, Edmonton, AB; SGS 
AXYS, Sydney, BC) for the Joint Oil Sands Monitoring Plan (JOSMP) standard suite of variables 
(Table 2.3). Sample results were compared against CCME interim sediment quality guidelines (ISQG), 
which represent the concentration below which adverse biological effects to aquatic biota rarely occur, 
and probable effects levels (PEL), which represent the concentration that is expected to cause adverse 
effects to aquatic biota (AESRD 2014; CCME 2011). The compiled 2017 sediment quality data are 
presented in Appendix A2, and the reports from the analytical laboratories are provided in Appendix A2.1. 
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2.3.1.1 РАН 


Estimation of РАН toxicity in Jackpine Lake sediments was conducted using the Neff et al method (2004), 
which incorporates 41 individual PAH compounds into the calculation. Sediments comprised of petrogenic 
PAH sources such as those found in the Athabasca oil sands region (i.e., PAHs dominated by alkylated 
PAHs relative to parent PAHs; Table 2.3) have a higher affinity to non-aqueous phase liquids (МАРЕ) 
than to sediment organic matter, and this affinity drives the partitioning between the three sediment 
phases of porewater, sediment organic material, and NAPL. This affinity for NAPL is important as other 
methods, such as those described by the US Environmental Protection Agency (USEPA 2004), rely on 
concentrations of total organic carbon to normalize PAH concentrations in the hazard index calculation. 
The Neff method is also preferable because it incorporates more individual PAH compounds into the PAH 
toxicity calculation (41 individual compounds) than the USEPA method (13, 23, or 34 depending on 
variation), thereby providing a more accurate representation of potential PAH toxicity. 


The Neff method (described below) requires that each individual PAH measurement first be normalized to a 
measure of total recoverable hydrocarbons, to produce an estimate of the combined PAH concentration that 
is available in porewater and the organic sediment fraction. Values for PAH concentrations and total CCME 
hydrocarbons (used to estimate total recoverable hydrocarbons) were obtained through laboratory analysis. 
PAH concentration 
PAH normatized) = total recoverable hydrocarbons 


Where: 


= РАН (normalized) refers to the estimate of PAHs available in porewater and complexed to the organic 
fraction of sediment particles; and 


= Total recoverable hydrocarbons are estimated by the equation: 
Total recoverable hydrocarbons = total CCME hydrocarbons * 2.183 


Normalized PAH concentrations are divided by a Kow partition coefficient, thereby removing the portion of 
PAHs complexed to sediments and estimating the concentration available in porewater alone; this 
provides the bioavailable amount of each PAH. The porewater estimate is further divided by a chronic 
toxicity value for water (Mackay et al 1992, Neff and Burns 1996, and Ran et al 2002, as cited in Neff et al 
2004) to produce a hazard quotient (HQ) for each PAH measured in the sediment sample: 


HQ - 2000 


) = Chronic Toxicity value 
Kow 


The hazard quotients are then summed to produce a hazard index (Н!) for total РАН5 in sediment 
porewater. 


2.3.2 Sediment Toxicity 


Sublethal (chronic) toxicity testing provides an effects-based assessment of sediment quality by 
comparing the survival and growth of amphipods (Hyalella azteca) and chironomids (Chironomus dilutus) 
exposed to lake sediments against the responses of test organisms exposed to laboratory-supplied 
control sediments (Environment Canada 2010). A magnitude difference of >20% between any test and 
control group endpoint was considered ecologically significant (CCME 1995). 
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2.3.3 Fish 


Morphology measurements (i.e., length and weight) were collected from all captured fish (Section 2.2.3). 
Aging structures (anal fin rays) were collected and analyzed by North/South Consultants using standard 
enumeration of annuli (Appendix A4). Fish condition was assessed using Fulton's condition factor and 
relative weights (Blackwell et al. 2000). Fluctuations in fish condition over time may indicate changes in 
the availability of food or environmental quality. Fulton's conditions factor is based on an isometric 
relationship between length and weight. Heavier fish for a given length have a higher condition factor, 
which may be associated with higher food quality and environmental conditions. The relative weight 
condition factor is determined as the ratio between the observed weight and the standard weight derived 
for that species. Standard weights are determined empirically from studies on the distribution of lengths 
and weights in unimpacted natural populations (Willis 1989). Captured individuals with observed weights 
greater than the standard weight are heavier than would be predicted by length, and may represent fish 
from higher quality environments. 


Fish tissue mercury concentrations were measured by Flett Research Ltd. (Winnipeg, MB) by digestion, 
ethylation, and cold-vapour atomic fluorescence spectroscopy (Appendix A4). Total mercury was 
measured in tissue samples from 2012 to 2016. However, in 2017, the tissue samples were erroneously 
analyzed for total methyl-mercury only. Organisms actively excrete elemental mercury and mercury ions 
(е.д., На!” or Наг“), whereas the methyl-mercury accumulates in tissues. Previous studies have shown 
approximately 10096 of the mercury in pike and other piscovorous fish is in the form of methyl-mercury 
(Bloom 1992, Duffy et al 1999, Jackson 1990, Jewett et al 2003, Lasorsa and Allen-Gill 1995). The high 
correspondence between tissue total mercury and total methyl-mercury concentrations in other studies 
support the direct comparison of the 2017 tissue mercury data to the earlier results in the Program. 
However, some uncertainty remains because of the potential underestimation of tissue total mercury 
concentrations. 


3.0 RESULTS AND DISCUSSION 
31 SEDIMENTS 


The sediment monitoring component assesses two indicators of environmental quality: the physico- 
chemical characteristics of the sediments, and the potential for the sediments to cause mortality or inhibit 
growth in controlled laboratory assays using cultured organisms. These two indicators are discussed 
separately in the following sections. 


3.1.1  Physio-Chemical Characteristics 


Sediment quality in Jackpine Lake continues to develop since the commissioning of the lake. The relative 
proportions of finer silts and clays are increasing, along with the concentration of organic matter 
(Table 3.1). Proportions of finer particles and organic matter were near or greater than observations from 
previous years. Similarly, the concentrations of many metals were near or greater to the range of previous 
observations. Metals readily adsorb to organic matter and clays, so the observed increase in sediment 
metal concentrations may be a consequence of the decrease in the relative proportion of sand-sized 
particles and the corresponding increase of fine clay-sized particles and organic matter. All metal 
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concentrations have remained below applicable environmental quality guidelines for the protection of 
aquatic life since the start of the Program in 2010. 


The concentrations of most PAH and petroleum hydrocarbons in 2017 were within the range of 
observations from the early phase of the lake. Some hydrocarbons (i.e., benzene, ethylbenzene, and 
CCME Fraction 1 hydrocarbons) were detectable at the northern sampling site (JCL-1). The largest 
observed changes were decreases in the concentrations of petroleum hydrocarbons at the southern site 
(JCL-2) in 2017. A number of petroleum hydrocarbon analytes had concentrations greater than their 
environmental quality guidelines at the deep-water monitoring locations, which was generally consistent 
with observations of higher concentrations from 2016 and earlier. Analytes with concentrations higher 
than guidelines included: 


= ҒЗ petroleum hydrocarbons (C16 to C34); 
a  acenaphthene; 
= chrysene; and 
= phenanthrene. 


3.1.1.1 РАН Toxicity 


The toxicity of PAH in the Jackpine Lake sediments was inferred from hazard quotients described in 
Section 2.3.1.1. The predicted PAH toxicity in 2017 was lower than the average predicted toxicity during 
the early phase of the lake for both the northern mid-lake and the littoral sampling stations. In general, the 
predicted toxicity at both stations was substantially lower than the early phase of the lake, which may 
represent a general decrease in the overall concentration of potentially toxic PAH compounds in the 
sediments. 


In contrast, the predicted PAH toxicity at the south mid-lake station was substantially higher in 2017, 
relative to all previous years of sampling. This increase was the result of a substantial decrease in the 
estimate of the concentration of petroleum hydrocarbons, and not the result of an increase in the 
concentrations of PAH. The method for calculating PAH toxicity includes a standardization of PAH 
concentrations to overall hydrocarbon concentration. In the case of the 2017 PAH toxicity prediction, the 
substantially lower petroleum hydrocarbon concentrations inflated the standardized concentrations of 
PAH, which in turn increased the predicted PAH toxicity. The overall trend in predicted PAH toxicity was 
therefore generally decreasing throughout Jackpine Lake, but the 2017 result from the southern mid-lake 
site did demonstrate some uncertainty stemming from the assessment approach. 
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3.1.2 Sediment Toxicity 


Jackpine Lake sediments collected in 2017 did not affect the survival of invertebrates (Figure 3.1 and 
Figure 3.2). Larger effects on the growth of invertebrates were observed in samples from the southern 
mid-lake station in 2017; four out of the five 2017 replicates from the southern mid-lake station had 
reduced growth in Chironomus and Hyallela relative to the growth in the controls. 


Figure 3.1 Toxicity assay results for Hyalella azteca during static exposures to 
Jackpine Lake sediments, 2010 to 2017. 
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Shown are the results of sediment toxicity assays using the amphipod Hyalella from 2010 to 2017. 


Toxicity endpoints (i.e., survival and growth) more than 20% different from the mean of parallel control assays 
are labelled with green symbols. 


Figure 3.2 Toxicity assay results for Chironomus dilutus during static exposures to 
Jackpine Lake sediments, 2010 to 2017. 
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Over the longer term, sediment toxicity appears to бе decreasing. Since commissioning of the lake, the 
proportion of assays with significant reductions in survival or growth (i.e., the green symbols on Figure 3.1 
and Figure 3.2), have decreased at both sediment sampling stations. 


3.1.3 Sediment Quality Assurance and Quality Control Results 


The sediment quality samples were collected in adherence to the SOP and FWI, and were analyzed by 
accredited analytical laboratories. No data quality flags were identified in the analytical reports, with the 
exception of measurements less than analytical detection limits and measurements less than the 
analytical quantification limits. As a result of adherence to the SOP and the laboratory QA/QC results, the 
sediment quality data were concluded to meet the data quality objectives for the program. 


3.2 FISH 


3.2.1 Fish Capture Locations and Rates 


The minimum criteria set out for a fishing method to be acceptably productive in this study was a 
minimum of 3 fish per hour; if this minimum was not met, another method was employed. While catch 
rates varied from site to site, fishing rates in 2017 were high for both electrofishing and angling, with 
average captures of 0.5 fish per 100 s and 8 fish per hour, respectively (Table 3.2). 


33 northern pike were captured in 2017. Fish over 150 mm were the focus of this study, to allow aging 
structures and tissue plugs to be collected without causing undue harm to the fish. Three of the 2017 pike 
were recaptures, including one with a Floy tag from an unknown project that would have occurred outside 
of Jackpine Lake. The other two tags were deployed during the 2012 Jackpine Lake Monitoring Program 
(Table 3.3) No tissue mercury measurements were made on the recaptured fish in 2012, while the two 
individuals differed substantially in growth between 2012 and 2017; one recaptured fish increased nearly 
six-fold in weight while the other increased by less than three-fold. Interestingly, both of the fish tagged by 
the Program were recaptured at the same locations in the Lake. No other fish species were seen or 
captured in 2017. 


Table 3.2 Angling and electrofishing effort and rates, October 2017. 


Type Pass/Set number EH Number fish GRE. o ИИ 
(sec) (hour) captured (fish/hr) — (fish/100 sec) 
EF JCL-12 111 - 0 - 0 
EF JCL-11 103 - 2 - 1.9 
EF JCL-9 (1) 110 - 0 - 0 
EF JCL-9 (2) 147 - 3 - 2.0 
EF JCL-7 -< 141 - 1 - 0.7 
ЕЕ JCL-6 207 - 0 - 0 
ЕЕ JCL-5 123 - 0 - 0 
ЕЕ JCL-3 124 - 1 - 0.8 
EF JCL-4 143 - 0 - 0 
ЕР JCL-8 158 - 1 - 0.6 
EF JCL-10 157 - 0 - 0 
ЕЕ Р1 2067 - 13 - 0.6 
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Table 3.2  (Cont’d.) 


Type Pass/Set number al Number fish шет ROTER 
(sec) (hour) captured (fish/hr)  (fish/100 sec) 
AN AN1 (JCL-3) - 0.25 0 0 E 
AN AN2 (JCL-10) - 0.25 0 0 - 
AN АМЗ (JCL-11) - 0.25 2 8 - 
AN AN4 (JCL-12) - 0.25 2 8 - 
АМ AN5 (JCL-11) - 0.25 2 8 - 
АМ AN6 (JCL-12) - 0.37 6 16.4 - 


Note: The closest sampling location (within ~50 m) for each angling event noted next о the event number. 
Table 3.3 Northern pike recaptured during the 2017 fishing sampling program. 


Estimated Age 


i Capture Site Length (mm Weight 
i Р gom) ght (g) (years) Tag number 
2012 2017 2012 2017 2012 207 2012 2017 
13 Јев JCL8 40 740 540 3,210 2 7 зт. ВИ 
23 JCL5  JCL-5 48 547 500 1480 4 9 Ел лу зы УЛА 
ANG SUSFE 0896 
31 (JCL-12) 491 : 1140 5 na (unknown program) 


3.2.2 Fish Biology 


The overall distribution of northern pike lengths, weights, and ages has varied over time in Jackpine Lake 
(Figure 3.3, Figure 3.4, and Figure 3.5). Much of this variation was likely due to changes in fishing 
methods, which transitioned from gill nets, hoop nets, and seine nets in early study years to the targeted 
capture of larger northern pike in 2016 and 2017. A bimodal distribution in northern pike length and 
weight was observed in 2017, which had a larger proportion of larger fish than sampling in previous years 
(Figure 3.3 and Figure 3.4). The sampling program in 2017 captured the widest range of fish ages 
(Figure 3.5); this distribution of ages indicates Jackpine Lake provides habitat to a range of northern pike 
life stages, from juvenile fish through adults. 


Both fish condition factors (i.e., Fulton’s K and relative weight) indicated that the overall condition of 
northern pike in Jackpine Lake has been stable since 2012 (Figure 3.6 and Figure 3.7). Consistent 
condition factors would be expected for a relatively stable ecosystem, because the fish would grow at 
broadly similar rates if conditions and the supply of food do not vary. Although the consistent fish 
condition results indicate a relatively stable environment, additional studies would be required to confirm 
that gear bias is not selecting against heavier fish (if fish condition is increasing) or selecting against 
lighter fish (if fish condition is decreasing). 


The length-age relationships of northern pike have varied over time (Figure 3.8). The length-at-age 
distributions in 2017 were similar to those observed in 2016, with similar median lengths-at-age and 
overlapping distributions. These similar length-at-age distributions indicate little change in the growth rate 
of fish between these two comparable sampling events. More variation was observed between the 2014 
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results and all other length-age observations (i.e., 2012, 2013, 2015, 2016, and 2017). It is not clear if 
there was increased growth in 2014, or the difference was the result of sampling bias or precision issues 
with the age estimates. Aging by fin clips for younger northern pike (i.e., less than 10 years) has а 
measurement uncertainty of +1 year for average quality samples. 


Figure 3.3 Lengths of northern pike captured from Jackpine Lake, 2012 to 2017. 
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Median northern pike length shown as dashed line for each sampling year. 


Figure 3.4 Weights of northern pike captured from Jackpine Lake, 2012 to 2017. 


2014 
80- 
60- 
40- 
204 
t оа — 
8 2017 
о 
93 
64 | 
34 
21% | ia = 0: a LL EB | 
e e о e о о о о 
о в 8 8 = о 8 8 8 = 
же сч e ч q N e + 
Weight (9) 
Median попћет pike weight shown as dashed line for each sampling year. 
Jackpine Lake Monitoring Program 22 Hatfield 


000519 


Figure 3.5 Ages of northern pike captured from Jackpine Lake, 2012 to 2017. 
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Median northern pike age shown as dashed line for each sampling year. 


Figure 3.6 


Condition factors (Fulton's K) of northern pike captured from Jackpine 
Lake, 2012 to 2017. 
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Figure 3.7 Relative weights (Wr) for northern pike captured from Jackpine Lake, 2012 
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Condition Factor (Relative Weight) 
Median northern pike condition factor (Relative Weight) shown as dashed line for each sampling year. 
Relative weight is defined as the ratio between the observed weight and the standard weight developed by 
the equation for northern pike. 
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3.2.3 Mercury Concentrations in Fish Tissue 


Median mercury concentrations of Jackpine Lake pike, across all ages of fish, were higher in 2017 
compared to 2016, but remained lower than median concentrations observed in 2014 and 2015 (Table 3.4). 
The increase in median mercury concentrations may be the result of the capture of older fish in the 2017 
program. The majority of fish captured in 2017 had tissue concentrations less than the Health Canada 
guideline for subsistence fishers (0.2 ug/g), and no fish captured in 2017 had tissue mercury concentrations 
greater than the Health Canada guideline for general consumers (Table 3.4 and Figure 3.9). 


Table 3.4 Northern pike tissue mercury concentrations, 2012 to 2017. 


Tissue Mercury Concentration (ug/g) 


Year N Min Median Max Mean S.D. 
2012 31 0.040 0.076 0.59 0.11 0.11 
2013 26 0.053 0.130 0.20 0.13 0.040 
2014 57 0.083 0.180 0.41 0.20 0.073 
2015 23 0.031 0.210 0.49 0.18 0.11 
2016 29 0.041 0.078 0.53 0.12 0.11 
2017 30 0.034 0.165 0.50 0.20 0.14 


Note: 2017 tissue mercury concentrations are as total methyl-mercury, whereas measurements from 2012 to 2016 were measured 
as total mercury. See Section 3.2.4. 


Mercury concentrations in fish increase with age, as they feed and bioaccumulate mercury in their tissues. 
The accumulation of mercury in pike tissues can be assessed by analyzing the mercury concentration by 
each age-class across the cohorts of fish (i.e., the year of birth). Mercury is naturally excreted by organisms, 
So observed accumulation of mercury in tissues is the result of mercury intake minus excreted mercury. 
Figure 3.9 shows the tissue mercury concentrations for each fish presented by its cohort, which was 
calculated as the year of capture minus its age. Fish in cohorts prior to 2010 were born outside of Jackpine 
Lake and migrated into the Lake at some point prior to capture. Mercury accumulation would be observed 
as increases in tissue concentrations within an age-class across cohorts. A distinct peak-shaped pattern 
was observed in Jackpine Lake fish in the 0-1, 2, and 3-year age-classes (Figure 3.9). Age 2 fish from the 
2012 and 2013 cohorts had significantly higher tissue mercury concentrations (Appendix A5). Similarly, the 
age 3 fish from the 2012 cohort had significantly higher tissue concentrations. These cohort-dependent 
relationships remained evident when adjusting for fish weight. In the early stages of commissioning, young 
pike in Jackpine Lake may have accumulated mercury at a greater rate, resulting in higher mercury 
concentrations in the 2012 and 2013 cohorts. However, fish in later cohorts (i.e., 2014 and 2015) have 
mercury concentrations similar to individuals from cohorts that originated outside of Jackpine Lake (i.e., age- 
classes 2 and 3). These patterns suggest that fish accumulated mercury at a greater rate during the initial 
years of Jackpine Lake, but accumulation has decreased and in 2017 was similar to the accumulation 
observed for fish originating outside of Jackpine Lake. This interpretation assumes that fish are resident in 
Jackpine Lake and these patterns are not confounded by immigration and emigration. Older fish do not 
appear to be accumulating mercury at increased rates in recent years, although the number of observations 
is limited. Continued monitoring will help to verify whether the accumulation of mercury in younger fish 
remains lower than the initial post-commissioning peak, as well as provide additional observations of older 
fish to more fully characterize the accumulation of mercury. 
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3.2.4 Fish Component Quality Assurance and Quality Control 
Results 


The fish component included a variety of quality control procedures that provide incremental checks and 
balances throughout data collection, data analysis, and reporting. Detailed field records of fish capture 
and processing were kept. All field metadata and data were reviewed and transcribed into electronic data 
records. Detailed descriptions of the QA/QC procedures specific to the fish component are provided in 
Appendix A1. 


As noted in Section 2.3.3, the fish tissue collected in 2017 was analyzed for total methyl-mercury, rather 
than total mercury. The total methyl-mercury concentrations were considered directly comparable to total 
mercury concentrations because approximately 100% of the measured mercury in fish tissue is in the 
form of methyl-mercury (Bloom 1992, Duffy et al. 1999, Jackson 1990, Jewett et al. 2003, Lasorsa and 
Allen-Gill, 1995), and consequently no correction factor was applied. The primary uncertainty that results 
from the difference in analytes is a potential negative bias in the 2017 tissue concentrations. The reported 
mercury concentrations for the 2017 samples may be underestimates of the total mercury concentrations. 
The reported range of methyl-mercury to total mercury ratios is 0.90 to 1.03, which suggests the 
maximum degree of underestimation may be up to 1096. This bias is relatively small compared to the 
variation observed in fish tissue mercury concentrations, even when standardized by age-class 
(Figure 3.9). 


4.0 SUMMARY 


The 2017 assessment was conducted as planned, except for the analysis of northern pike tissue for 
methyl-mercury rather than total mercury. No other data quality or deviations were noted. The results of 
the 2017 program are summarized in Table 4.1. 


Jackpine Lake continues to develop as a functioning aquatic ecosystem. Although hydrocarbons and 
PAH are measurable in the sediments, environmental quality indicators and toxicity assays show the 
sediment environment is suitable for supporting a diverse community of aquatic invertebrates. A stable 
population of northern pike continue to live and grow in Jackpine Lake, and one individual recaptured in 
2017 had increased six-fold in weight since 2012. Median pike tissue mercury concentrations have 
decreased since 2014, and there is evidence that the accumulation of mercury in pike has decreased 
since the 2011-2014 monitoring period. 
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A1.1 QUALITY ASSURANCE AND QUALITY CONTROL 
PROCEDURES 


Quality assurance and quality control (QA/QC) for the Jackpine Lake Long-term Monitoring Program 
(the Program) consisted of a system of processes and controls to support the collection of high-quality 
data. The objective of this system is to provide assurance that defined standards of quality are being 
achieved. Quality control refers to the specific methodological techniques that are implemented within the 
quality assurance plan. The QA/QC program supports the collection and analysis of scientifically 
defensible and reproducible field and analytical data. The QA/QC procedures for the 2017 Program 
assessments consisted of the following components that were applied through the field sampling, data 
analysis, and reporting: 


= Adherence to standard operating procedures (SOPs) for field data and sample collection, data 
transcription, data QA/QC, and record-keeping; 


= Program-specific field work instructions (FWI) that provide detailed descriptions of the Program; 


a  Record-keeping using standardized forms, including catch records and chain-of-custody forms, 
as well as descriptive field notes; and 


= Extensive analytical laboratory QA/QC procedures. 


Hatfield maintains SOPs for field data collection activities to standardize approaches used by all Hatfield 
personnel. These documents identify specific methods for sample collection, sample labeling and 
handling, equipment calibration and use, and record-keeping. All Hatfield field technicians are trained and 
experienced with the SOPs and implement field programs according to the instructions presented within 
them. 


In advance of each sampling program, an FWI was provided to and reviewed by each crew member. 
These documents consist of a detailed description of the sampling tasks to be undertaken and the 
rationale for collecting the data. A pre-field meeting was held by the project manager before each 
sampling program to review the FWI. This approach allowed any discrepancies in understanding to be 
identified and addressed prior to the start of sampling. Quality control procedures for data entry included 
a 10096 re-check on all hardcopy data, to ensure accurate transcription from field data sheets to digital 
formats. Data were also displayed graphically to visually assess for the presence of any outliers caused 
by field data entry errors. 


A1.1.1 Sediment Quality QA/QC 


QA/QC procedures were followed for the collection of sediment to maintain data quality and prevent 
sediment sample contamination. Before sample collection, all equipment (i.e., spoons, pans, grabs) were 
cleaned using four steps: 


1. Equipment was cleaned with ambient water and a metals-free soap (i.e., Liquinox); 


2. Equipment was rinsed with environmental grade hexane; 
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3. Equipment was rinsed with environmental grade acetone (steps 2 and 3 remove any organic 
residues); and 


4. Equipment was rinsed three times with ambient water. 


Only grab samples that did not contain foreign objects, obtained an adequate penetration depth, and 
were not overfilled or leaking were retained. Sediments were transferred directly from the grab to a pan, 
where they were homogenized with a large spoon. All sampling equipment that came in direct contact 
with the sample was constructed from stainless steel. As an additional precaution, staff wore powder-free 
nitrile gloves throughout the equipment cleaning and sample collection process. 


A1.1.2 Sediment Toxicity QA/QC 


In 2017, all sediment toxicity testing was conducted by Maxxam Analytics. Each sample was taken from 
homogenized sediment collected using the sediment quality QA/QC procedures outlined in Section A1.1. 
The toxicological laboratories used a number of laboratory QA/QC procedures to ensure that the reported 
results for both sediment and water toxicity tests were precise and accurate. For each set of tests, a 
control group and reference toxicant were used to assess the accuracy of the toxicity test. In addition, five 
replicates of each treatment group were used in each test, to assess the precision of the results. All 
laboratory QA/QC sample results were reviewed using in-house laboratory protocols to assess potential 
contamination and the precision and accuracy of the analyses. Any deviations from QA/QC criteria were 
identified in the laboratory reports. 


A1.1.3 Fish QA/QC 


Fish ageing results reported by North/South Consultants included a re-analysis of a subset of ageing 
structures and both the initial and QA/QC ages were reported (Appendix A4). Quality control was 
undertaken by an alternate ageing technician on approximately 10% of randomly selected structures. The 
QA/QC readings were also conducted "blind" to determine consistency and accuracy. A description of the 
confidence index rating is provided in Table A1.1. 


Data were received in electronic format (Microsoft Excele) from the analytical laboratory. All data were 
checked for transcription errors or other inconsistencies. Data analysis was conducted using duplicate 
data files for processing. Original data were retained in back-up files for the Program. 


The fish tissue data reports issued by Flett Research Ltd. (Flett) included a description of the laboratory's 
internal quality procedures. QC procedures used by Flett included laboratory duplicates, spike samples, 
calibration control, and use of certified reference and internal standards. Where relevant, comments on 
the results of the analyses were indicated on the data reports (Appendix A4). 


Data were received in electronic format (Microsoft Excele) from the analytical laboratory. All data were 
checked for transcription errors or other inconsistencies. Data analysis was conducted using duplicate 
data files for processing. All original data were retained in back-up files. 
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Table A1.1 Fish Aging Quality Control Criteria 


Qualitative characteristics 
(pattern clarity) 


Confidence Indices 
and Abbreviations 


Document F 
Information, 
de la Loi sur Га 


Quantitative characteristics (repeatability) 


annuli are clear with no interpretation 


Very Good (VG) probleme 


Good (G) annuli are clear with a few easy 
interpretation problems 


annuli are fairly clear with some areas 
presenting easy and moderate 
interpretation problems 


Fair (F) 


annuli are fairly unclear presenting а 
number of difficult interpretation 
problems 


Poor (P) 


annuli are very unclear presenting 
Very Poor (VP) n . . 
significant interpretation problems 


A1.2 QA/QC RESULTS 


A1.2.1 Sediment Quality 


Reader always gets the same age 


Reader would get the same age most of the 
time for fish «10 years, within one year for 
fish 11-20 years 


Reader would be within 1 year most of the 
time for fish«10 years and 2-3 years for fish 
>10 years 


Reader would be within 2-3 years most of the 
time for fish «10 years and 4-5 years for fish 
>10 years 


Reader has little confidence in repeatability of 
age within 4-5 years 


The sediment quality samples were collected in adherence to the SOP and FWI and were analyzed by 
accredited analytical laboratories. Chain-of-custody forms were complete and are included in 


Appendix A2.1. 


The sediment quality analyses for particle size analyses, metals, and hydrocarbons by ALS 
Environmental incorporated the following analytical laboratory data quality measures (Appendix A2.1): 


= laboratory duplicates; 

a laboratory control samples; 
= method blanks; 

= matrix spikes; and 


= internal and certified reference materials. 


The detection limits for the F2, F3, and F4 hydrocarbon analytes were adjusted because of high moisture 
content; however, the measurements for those analytes were substantially greater than the reported 
detection limits, so no data quality concerns were noted. 


The analysis of sediment for PAH by SGS AXYS incorporated the following analytical laboratory data 
quality measures (Appendix A2.1): 


= labeled compound spikes; 
= calibration relative responses and ion abundance ratios; and 


" calibration verification measurements. 
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No data quality flags were identified in the analytical reports, with the exception of measurements less 
than analytical detection limits and measurements less than the analytical quantification limits. 


Adherence to the SOP and conformance to the laboratory QA/QC protocols resulted in the conclusion 
that the sediment quality data met the data quality objectives for the Program. 


A1.2.2 Sediment Toxicity 


The sediment toxicity samples were collected in adherence to the SOP and FWI and were analyzed by 
accredited analytical laboratories. Chain-of-custody forms were complete and are included in 
Appendix A2.2. Sediment samples were analyzed for total organic carbon and moisture, and those 
measurements met the analytical laboratory data quality objectives for method blanks and laboratory 
duplicates. The sediment collected for the toxicity assays was similar in total organic carbon (TOC) and 
moisture to the samples analyzed for sediment physico-chemical properties (Table A2.1). 


Table A1.2 Comparison of sediment characteristics between sediment quality and 
sediment toxicity samples, 2017. 


JCL-1 JCL-2 
Analyte 
SQ Toxicity SQ Toxicity 
Moisture 65 62 41 38 
тос 11 9.3 3 27 


The sediment samples were received by the ecotoxicology laboratory within one week of collection in 
2017. АП toxicity assays were started within the sampling holding limits. The toxicity assays met the 
following data quality objectives: 


= Mean percent survival in the negative control greater than 70% (Chironomus) or 80% (Hyalella); 


=" Mean dry weight of Chironomus larvae was greater than 0.6 mg, апа the dry weight of Hyalella 
was greater than 0.1 mg per organism; and 


= Reference toxicant LC50 within 2 standard deviations of the historic mean LC50. 


The method deviations were concluded to have minimal effects on the results. The use of a single 
container would not likely result in biases in the results, since the sediment was homogenized prior to the 
assay. The pupated individuals were still included in the survival endpoint. 


Adherence to the SOP and conformance to the laboratory QA/QC protocols resulted in the conclusion 
that sediment toxicity data met the data quality objectives for the program. 


A1.2.3 Fish 


The confidence indices of all fish ageing structures analyzed in 2017 were graded Fair or better 
(Appendix A4). The majority of fish ageing structures in 2017 were graded Fair, with 8 of 30 rays graded 
Good. Ten percent of structures aged were independently analyzed by a second analyst (i.e., 3 samples 
in 2017). The estimated ages were the same between analysts for all reanalyzed fin rays in 2017. 
Therefore, the fish age data were concluded to meet the data quality objectives for the program. 
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Northern pike tissue plugs were collected in adherence to the SOP and FWI and analyzed by an 
accredited analytical laboratory (Flett Research Ltd.). As noted in Section 2.3.3, the fish tissue samples in 
2017 were erroneously analyzed for methyl-mercury, rather than total mercury. This error was the result 
of an incorrect code on the chain-of-custody form that was not corrected prior to sample analysis. 


No data quality issues were noted for the analysis of tissue mercury. The analytical laboratory QA/QC 
process included bubbler and method blanks, calibration standards, matrix spikes, reference material, 
and ongoing process and recovery material to monitor data quality throughout the analysis. The relative 
percent differences of laboratory duplicates were less than 10% (i.e., 8.8%, 0.996, and 1.0% in 2017). 


The fish ageing and tissue total mercury data were concluded to meet the data quality objectives of the 
program because of adherence to the SOP and the results of laboratory QA/QC. The 2017 tissue 
mercury concentrations should be interpreted with caution because of the change in analytical 
methodology, although almost all mercury present in northern pike tissue is in the form of methyl-mercury 
(Section 2.3.3). 
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Table А2.1 


Analyte 


Physical Variables 


% Moisture 
% Clay (<2um) 


% Sand (2.0mm - 0.05mm) 
% Silt (0.05mm - ит) 


Texture 

Metals 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Iron (Fe) 

Lead (Pb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Phosphorus (P) 
Potassium (K) 
Selenium (Se) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 
Sulfur (S) 
Thallium (TI) 
Tin (Sn) 
Titanium (Ti) 
Tungsten (W) 
Uranium (U) 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 


Total Petroleum Hydrocarbons 


F1 (C6-C10) 
F1-BTEX 

F2 (C10-C16) 
F3 (C16-C34) 
F4 (C34-C50) 


F4G-SG (GHH-Silica) 

Total Hydrocarbons (C6-C50) 
1,4-Difluorobenzene (SS) 
3,4-Dichlorotoluene (SS) 
4-Bromofluorobenzene (SS) 


Benzene 
Ethylbenzene 


Units 


% 
% 
% 
% 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
% 
% 
% 
mg/kg 
mg/kg 


Sediment Quality Analytical Results, 2017. 


DL/RL 
0.50 
1 
1 
1 


10 

10 
40; 20; 20 
40; 20; 20 
40; 20; 20 

500 


JCL-1 


64.6 
13.4 
16.6 
70 
Silt loam 


5860 
<0.10 
3.1 
82.8 
0.39 
<0.20 
11.1 
0.164 
12900 
11 
6.15 
8.66 
15600 
5.87 
6.8 
3570 
489 
0.0357 
0.5 
12.4 
517 
830 
0.25 
<0.10 
170 
41.7 
6800 
0.088 
<2.0 
34.2 
<0.50 
0.847 
19.6 
40.5 
7.6 


11 
11 
110 


JCL-2 


40.7 
23.8 
59 
17.2 


LIT-1 


50.6 
6.8 
70.2 
23 


Sandy clay loam Sandy loam 


5300 
0.12 
2.04 
49.9 
0.34 
<0.20 
6 
0.063 
4390 
9.56 
3.81 
6.09 
10500 
4.29 
5.3 
2240 
196 
0.0178 
0.35 
8.77 
261 
780 
<0.20 
<0.10 
90 
21.4 
1600 
0.072 
<2.0 
50.9 
<0.50 
0.411 
16.7 
19.6 
7.9 


12 
12 
36 
293 
197 
1330 
91.9 
81.7 
90.1 
<0.0050 
<0.010 


2210 
<0.10 
1.26 
36.5 
0.15 
<0.20 
6.5 
0.063 
4310 
4.56 
2.14 
3.04 
6500 
2.12 
<2.0 
1150 
335 
0.0129 
0.26 
4.99 
215 
380 
<0.20 
<0.10 
72 
20.4 
1400 
<0.050 
<2.0 
31.9 
<0.50 
0.309 
7.96 
13 
23 


<10 
<10 
20 
580 
484 
3320 
76.9 
74.1 
71.2 
<0.0050 
<0.010 
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Table A2.1 (Cont'd.) 
Analyte Units DL/RL JCL-1 JCL-2 LIT-1 
Total Petroleum Hydrocarbons (cont'd.) 
m+p-Xylene mg/kg 0.05 <0.050 <0.050 <0.050 
о-Хујепе mg/kg 0.05 <0.050 <0.050 <0.050 
Styrene mg/kg 0.05 <0.050 <0.050 <0.050 
Toluene mg/kg 0.05 <0.050 <0.050 <0.050 
Xylenes mg/kg 0.1 <0.10 <0.10 <0.10 
2-Bromobenzotrifluoride % 1 82.3 81.2 78.9 
Total Carbon 
Inorganic Carbon (as СаСО» Equivalent) % 0.4 3.03 1.28 1.32 
Total Carbon by Combustion % 0.05 11.7 3.32 4.42 
Inorganic Carbon % 0.05 0.364 0.154 0.159 
Total Organic Carbon % 0.05 11.3 3.17 4.26 
РАН5 
Naphthalene ng/g 0.055; 0.123; 0.097 1.79 1.22 1.19 
Acenaphthylene ng/g 0.113; 0.094; 0.062 0.274 (NDR) 0.387 (МОК) 0.179 (NDR) 
Acenaphthene ng/g 0.09; 1.97; 0.092 6.28 16.2 0.765 
2-Methylfluorene ng/g 0.88; 1.36; 0.268 4.65 5.05 0.542 
C2 Phenanthrenes/Anthracenes ng/g 1.98; 3.63; 0.414 462 913 79.5 
Fluorene ng/g 0.313; 0.2; 0.076 3.86 3.02 0.628 
Phenanthrene ng/g 1.19; 3; 0.257 51.8 96.4 7.67 
Anthracene ng/g 1.16; 2.94; 0.251 ND ND 0.536 (NDR) 
C1 Phenanthrenes/Anthracenes ng/g 0.794; 1.96; 0.734 242 452 34 
Fluoranthene ng/g 1.68; 2.12; 0.482 6.78 11.3 1.61 
Pyrene ng/g 1.61; 2.03; 0.461 33.4 36.2 9.18 
Benz[a]anthracene ng/g 1.95; 1.83; 0.331 12 17.2 2.1 (NDR) 
Chrysene ng/g 2.24; 2.05; 0.366 106 116 29.3 
Benzo[b]fluoranthene ng/g 2.72; 2.19; 0.85 21.5 20.8 6.19 
Benzojj,k]fluoranthenes ng/g 2.62; 2.2; 0.837 7.45 6.25 1.63 (NDR) 
Benzo[e]pyrene ng/g 3.83; 3.15; 1.13 53.4 46.2 24.7 
Benzo[a]pyrene ng/g 3.7; 3.05; 1.09 10.5 13.6 3.54 
Perylene ng/g 3.67; 3; 0.998 85 48.9 19.7 
Dibenz[a,h]anthracene ng/g 1.76; 0.967; 0.862 6.16 5.34 3.68 
Indeno[1,2,3-cd]pyrene ng/g 1.89; 1.36; 1.38 15.4 10.2 6.85 
Benzo[ghi]perylene ng/g 1.69; 1.26; 1.01 32.5 23.7 24.5 
2-Methylnaphthalene ng/g 0.091; 0.097; 0.074 2.41 1.4 1.32 
1-Methylnaphthalene ng/g 0.099; 0.104; 0.08 2.04 1.12 0.806 
C1-Naphthalenes ng/g 0.091; 0.097; 0.074 4.46 2.53 2.12 
Biphenyl ng/g 0.036; 0.193; 0.046 1.44 0.892 0.647 
C1-Biphenyls ng/g 0.136; 0.175; 0.046 1.84 2.52 1.07 
C2-Biphenyls ng/g 2.6; 0.16; 0.045 8.99 12.5 1.84 
C2-Naphthalenes ng/g | 0.123; 0.149; 0.157 17.4 19.6 6.13 
1,2-Dimethylnaphthalene ng/g | 0.123; 0.149; 0.157 2.1 (NDR) 2.77 (NDR) 0.488 
2,6-Dimethylnaphthalene ng/g 0.105; 0.127; 0.134 3.26 2.43 (NDR) 1.4 
C3-Naphthalenes ng/g 1.06; 1.02; 0.183 104 143 13.7 
2,3,6-Trimethylnaphthalene ng/g 1.02; 0.98; 0.175 22.1 23.3 3.23 
2,3,5-Trimethylnaphthalene ng/g 1.11; 1.07; 0.191 16.1 17.6 2.19 
C4-Naphthalenes ng/g 3.3; 13; 0.239 252 686 21.8 
C1-Acenaphthenes ng/g | 0.098; 0.263; 0.123 ND ND ND 
C1-Fluorenes ng/g 0.88; 1.36; 0.268 43.2 79.5 5.95 
1,7-Dimethylfluorene ng/g 1.56; 2.31; 0.413 61.1 109 4.34 
C2-Fluorenes ng/g 1.56; 2.31; 0.413 346 634 25.4 
C3-Fluorenes ng/g 4.05; 5.02; 0.791 761 1400 102 
Dibenzothiophene ng/g 1.46; 2.84; 0.379 6.17 (МОК) 7.45 (NDR) 1.41 (NDR) 
C1-Dibenzothiophenes ng/g 0.784; 4.99; 0.616 90 64.4 14.6 
2/3-Methyldibenzothiophenes ng/g 0.784; 4.99; 0.616 31.9 29 5.11 
Page 2 of 3 
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Table A2.1 (Cont'd.) 

Analyte Units DL/RL JCL-1 JCL-2 LIT-1 
РАН5 (cont'd.) 

C2-Dibenzothiophenes ng/g 2.63; 3.83; 0.305 838 1610 124 
2,4-Dimethyldibenzothiophene ng/g 2.63; 3.83; 0.305 44.2 95.3 6.91 (NDR) 
C3-Dibenzothiophenes ng/g 1.84; 5.62; 0.494 2110 3640 302 
C4-Dibenzothiophenes ng/g 4.07; 5.05; 1.29 2050 2890 310 
3-Methylphenanthrene ng/g 0.832; 2.06; 0.769 50.5 83.8 6.72 
2-Methylphenanthrene ng/g 0.832; 2.06; 0.769 50.4 100 7.47 
2-Methylanthracene ng/g 0.864; 2.14; 0.799 2.66 (NDR) 9.1 (NDR) ND 
9/4-Methylphenanthrene ng/g 0.832; 2.06; 0.769 89.3 174 12.7 
1-Methylphenanthrene ng/g 0.794; 1.96; 0.734 51.5 94.9 7.08 
3,6-Dimethylphenanthrene ng/g 2; 3.67; 0.418 44.3 (NDR) 78.4 (NDR) 5.73 (NDR) 
2,6-Dimethylphenanthrene ng/g 1.98; 3.63; 0.414 21.4 36 4.61 (NDR) 
1,7-Dimethylphenanthrene ng/g 1.96; 3.6; 0.41 54.1 102 11.3 
1,8-Dimethylphenanthrene ng/g 1.98; 3.63; 0.414 24.8 43.6 3.3 
C3-Phenanthrenes/Anthracenes ng/g 1.62; 5.44; 0.988 636 1360 132 
1,2,6-Trimethylphenanthrene ng/g 1.62; 5.44; 0.988 33.3 (NDR) 72.5 (NDR) 5.2 (NDR) 
Retene ng/g 5.06; 7.01; 1.62 178 (NDR) 185 (NDR) 19.3 (NDR) 
C4-Phenanthrenes/Anthracenes ng/g 5.06; 7.01; 1.62 2030 2260 381 
C1-Fluoranthenes/Pyrenes ng/g 1.14; 4.45; 1.63 464 537 17 
3-Methylfluoranthene/Benzo[a]fluorene ng/g 1.14; 4.45; 1.63 78.6 162 17.9 
C2-Fluoranthenes/Pyrenes ng/g 1.49; 2.86; 0.646 1050 1230 301 
C3-Fluoranthenes/Pyrenes ng/g 3.68; 3.1; 1.09 936 879 332 
C4-Fluoranthenes/Pyrenes ng/g | 2.76; 2.15; 1.98 432 468 164 
C1-Benzo[a]anthracenes/Chrysenes ng/g 3.38; 3.81; 1.14 355 398 71.6 
5/6-Methylchrysene ng/g 3.52; 3.97; 1.18 32.3 40.9 4.72 
1-Methylchrysene ng/g 3.25; 3.67; 1.09 34.3 42.5 5.98 
C2-Benzo[a]anthracenes/Chrysenes ng/g 1.84; 1.47; 0.733 511 596 132 
5,9-Dimethylchrysene ng/g 1.84; 1.47; 0.733 109 97.8 25.4 
C3-Benzo[a]anthracenes/Chrysenes ng/g 3.86; 1.43; 0.96 130 244 55 
C4-Benzo[a]anthracenes/Chrysenes ng/g 2.07; 4.37; 0.776 122 114 40.4 
C1-Benzofluoranthenes/Benzopyrenes ng/g 2.4; 2.25; 0.976 266 218 110 
7-Methylbenzo[a]pyrene ng/g 2.4; 2.25; 0.976 21.4 21.8 9.77 
C2-Benzofluoranthenes/Benzopyrenes ng/g 2.87; 19.6; 1.28 219 164 72.2 
1,4,6,7-Tetramethylnaphthalene ng/g 3.3; 13; 0.239 42.1 (NDR) 142 (NDR) 4.23 (NDR) 
% Moisture 96 - 61.5 30.5 36.4 
Naphthalene d-8 (96 Recovery) 96 - 53.2 38.4 26.7 
2-Methylnaphthalene 4-10 (% Recovery) % - 66.8 56.1 33 
Вїрһепу! d-10 (% Recovery) % - 71.3 66.2 37.5 
2,6-Dimethylnaphthalene 4-12 (96 Recovery) 96 - 74.2 69.4 38.9 
Acenaphthylene d-8 (% Recovery) 96 - 72.5 70.7 38.3 
Dibenzothiophene d-8 (96 Recovery) 96 - 70.8 72.9 39.4 
Phenanthrene d-10 (% Recovery) 96 - 72 COL 44 
Fluoranthene d-10 (% Recovery) % - 94.5 99.6 51 
Benzo[a]anthracene d-12 (% Recovery) 96 - 87.5 87.7 54.7 
Chrysene d-12 (96 Recovery) 96 - 83.3 83.2 53.1 
Benzo[b]fluoranthene d-12 (96 Recovery) 96 - 82.5 86.4 50 
Benzo[k]fluoranthene d-12 (96 Recovery) 96 - 77 80.7 48.7 
Benzo[a]pyrene d-12 (% Recovery) 96 - 75.5 77.4 50.3 
Perylene d-12 (% Recovery) % - 80.7 81.5 57.5 
Dibenzo[a,h]anthracene d-14 (% Recovery) % - 83.8 77.5 50.8 
Indeno[1,2,3-cd]pyrene d-12 (96 Recovery) 96 - 78.6 77.4 53.4 
Benzo[ghi]perylene d-12 (% Recovery) % - 78.5 74.3 70 


ND = not detected at RL 


NDR = peak detected but did not meet quantification criteria, result reported represents the estimated maximum possible 


concentration 
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www.axysanalytical.com 


2045 Mills Road West TEL: (250) 655-5800 
AXY S Sidney, BC, Canada V8L5X2 TOLL-FREE: 1-888-373-0881 


SGS AXYS Client No.: 2600 
Client Address: Hatfield Consultants 


200-850 Harbourside Drive 
North Vancouver, BC, Canada, V7P 0A3 


The SGS AXYS contact for these data is Georgina Brooks. 


509 axys 
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www.axysanalytical.com 


BATCH SUMMARY 


Batch ID: WG61775 Date: 07-Dec-2017 


Analysis Type: PAH 


Matrix Type: 
Solid 


BATCH MAKEUP 


Blank: 


Contract: 2600 
Samples: 


WG61775-101 


L28178-1 
L28178-2 JLC-2 
L28178-3 


Reference or Spike: 
WG61775-102 


Comments: 
1. Data are considered final. 
2. Data are not blank corrected. Blank data should be taken into consideration 
when evaluating sample data. 
3. Blank data should be evaluated against specifications using the same blank 
sample size as the size of the client samples. 


Copyright SGS AXYS Analytical Services Ltd 
February 2017 


FQA-006 Rev. 4. 20-Sep-2013 


565 АХҮ5 
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AXYS METHOD MLA-021 Rev 12 


Form 1A 


POLYAROMATIC HYDROCARBON ANALYSIS REPORT 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 

Matrix: SOLID 

Sample Receipt Date: 26-Oct-2017 

Extraction Date: 10-Nov-2017 

Analysis Date: 29-Nov-2017 Time: 14:21:00 
Extract Volume (uL): 500 

Injection Volume (uL): 71.0 

Dilution Factor: N/A 

Concentration Units: ng/g (dry weight basis) 


Project No. 

Lab Sample I.D.: 
Sample Size: 

Initial Calibration Date: 
Instrument ID: 

GC Column ID: 
Sample Data Filename: 
Blank Data Filename: 


Cal. Ver. Data Filename: 


% Moisture: 


CLIENT SAMPLE NO. 
JLC-1 

Sample Collection: 
17-Oct-2017 11:30 


SHELL 8642 
L28178-1 
13.9 g (dry) 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6531.D 
PH7S6503.D 


PH7S6527.D 


61.5 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND CAS NO. 
Naphthalene 91-20-3 
Acenaphthylene 208-96-8 
Acenaphthene 83-32-9 
2-Methylfluorene 1430-97-3 
C2 Phenanthrenes/Anthracenes 

Fluorene 86-73-7 
Phenanthrene 85-01-8 
Anthracene 120-12-7 
C1 Phenanthrenes/Anthracenes 

Fluoranthene 206-44-0 
Pyrene 129-00-0 
Benz[a]anthracene 3 56-55-3 
Chrysene 4 218-01-9 
Benzo[b]fluoranthene 205-99-2 
Benzo[j,k]fluoranthenes 

Benzo[e]pyrene 192-97-2 
Benzo[a]pyrene 50-32-8 
Perylene 198-55-0 
Dibenz[a,hJanthracene 5 53-70-3 
Indeno[1,2,3-cd]pyrene 193-39-5 
Benzo[ghi]perylene 191-24-2 
2-Methylnaphthalene 91-57-6 
1-Methylnaphthalene 90-12-0 
C1-Naphthalenes 

Biphenyl 92-52-4 
C1-Biphenyls 

C2-Biphenyls 

C2-Naphthalenes 

1,2-Dimethylnaphthalene 573-98-8 


Р 
Page 1 and 2 (WG61775 - PAH РАН LO ГРАНЕ L28178-1 FormlA PH7S6531.D SJ2309855.html) ^^ 


LAB FLAG! CONC. 
FOUND 


1.79 
NDR 0.274 
6.28 
4.65 
462 
3.86 
51.8 
ND 
242 
6.78 
33.4 
12.0 


106 


21.5 
7.45 
534 
10.5 
85.0 
6.16 


15.4 
32.5 
2.41 
2.04 
4.46 
1.44 
1.84 
8.99 
17.4 
NDR 2.10 


REPORTING ION ABUND. 


LIMIT (RL)? RATIO 
0.055 (S) 0.08 
0.113 (S) 0.74 
0.090 (S) 1.18 
0.880 (S) 1.02 
1.98 (S) 

0.313 (S) 1.04 
1.19 (S) 0.18 
1.16 (S) 

0.794 (S) 

1.68 (S) 0.23 
1.61 (5) 0.18 
1.95 (5) 0.24 
2.24 (5) 0.31 
2.72 (5) 0.20 
2.62 (5) 0.23 
3.83 (5) 0.23 
3.70 (S) 0.20 
3.67 (5) 0.22 
1.76 (S) 0.18 
1.89 (S) 0.21 
1.69 (S) 0.29 
0.091 (S) 0.90 
0.099 (S) 0.88 
0.091 (S) 

0.036 (S) 0.32 
0.136 (S) 

2.60 (S) 

0.123 (S) 

0.123 (S) 2.60 


RRT 


1.006 
1.003 
1.047 
0.938 


0.844 
1.004 


1.002 
1.032 
1.002 
1.002 
1.004 
1.002 
0.996 
1.004 
1.004 
1.003 


1.002 
1.003 
1.009 
1.040 


1.005 


1.082 


SGS axys 
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This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND 


2,6-Dimethylnaphthalene 
C3-Naphthalenes 
2,3,6-Trimethylnaphthalene 
2,3,5-Trimethylnaphthalene 
C4-Naphthalenes 

C1-Acenaphthenes 

C1-Fluorenes 

1,7-Dimethylfluorene 

C2-Fluorenes 

C3-Fluorenes 

Dibenzothiophene 
C1-Dibenzothiophenes 
2/3-Methyldibenzothiophenes 
C2-Dibenzothiophenes 
2,4-Dimethyldibenzothiophene 
C3-Dibenzothiophenes 
C4-Dibenzothiophenes 

3-Methyl phenanthrene 
2-Methylphenanthrene 
2-Methylanthracene 
9/4-Methylphenanthrene 
1-Methylphenanthrene 
3,6-Dimethylphenanthrene 
2,6-Dimethylphenanthrene 
1,7-Dimethylphenanthrene 
1,8-Dimethylphenanthrene 
C3-Phenanthrenes/Anthracenes 
1,2,6-Trimethylphenanthrene 

Retene 
C4-Phenanthrenes/Anthracenes 
C1-Fluoranthenes/Pyrenes 
3-Methylfluoranthene/Benzo[a]fluorene 
C2-Fluoranthenes/Pyrenes 
C3-Fluoranthenes/Pyrenes 
C4-Fluoranthenes/Pyrenes 
C1-Benzo[a]anthracenes/Chrysenes 
5/6-Methylchrysene 
1-Methylchrysene 
C2-Benzo[a]anthracenes/Chrysenes 
5,9-Dimethylchrysene 
C3-Benzo[a]anthracenes/Chrysenes 
C4-Benzo[a]anthracenes/Chrysenes 
C1-Benzofluoranthenes/Benzopyrenes 
7-Methylbenzo[a]pyrene 


C2-Benzofluoranthenes/Benzopyrenes 
1,4,6,7-Tetramethylnaphthalene 


4 


4 


4 
4 


(1) Where applicable, custom lab flags have been used on this report; ND = not detected at RL; NDR = peak detected but did not meet quantification 


CAS NO. 


581-42-0 


829-26-5 
2245-38-7 


442-66-0 


132-65-0 


20928-02-3/16587-52-3 


31317-18-7 


832-71-3 
2531-84-2 
613-12-7 
883-20-5/832-64-4 
832-69-9 
1576-67-6 
17980-16-4 
483-87-4 
7372-87-4 


30436-55-6 
483-65-8 


1706-01-0/238-84-6 


3697-24-3/1705-85-7 
3351-28-8 


139493-40-6 


63041-77-0 


13764-18-6 


LAB FLAG 1 


ND 


NDR 


NDR 


NDR 


NDR 
NDR 


NDR 


criteria, result reported represents the estimated maximum possible concentration. 
(2) Reporting Limit (Code): S = sample detection limit; M = method detection limit; L = lowest calibration level equivalent; О = minimum reporting level. 


(3) May co-elute with Cyclopenta(cd)pyrene. 


(4) May co-elute with Triphenylene. 


(5) May co-elute with Dibenz[a,c]anthracene. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


For Axys Internal Use Only [ XSL Template: Pest1A.xsl; Created: 07-Dec-2017 15:40:40; Application: XMLTransformer-1.16.20; 


processes. 


Signed: 


CONC. 
FOUND 


3.26 
104 
22.1 
16.1 
252 


43.2 
61.1 
346 
761 
6.17 
90.0 
31.9 
838 
44.2 
2110 
2050 
50.5 
50.4 
2.66 
89.3 
51.5 
44.3 
21.4 
54.1 
24.8 
636 
33.3 
178 
2030 
464 
78.6 
1050 
936 
432 
355 
32.3 
34.3 
511 
109 
130 
122 
266 
214 


219 
42.1 


REPORTING 
LIMIT (RL)? 


0.105 (S) 
1.06 (S) 
1.02 (S) 
1.11 (S) 
3.30 (S) 
0.098 (S) 
0.880 (S) 
1.56 (S) 
1.56 (S) 
4.05 (S) 
1.46 (S) 
0.784 (S) 
0.784 (S) 
2.63 (S) 
2.63 (S) 
1.84 (S) 
4.07 (S) 
0.832 (S) 
0.832 (S) 
0.864 (S) 
0.832 (S) 
0.794 (S) 
2.00 (S) 
1.98 (S) 
1.96 (S) 
1.98 (S) 
1.62 (S) 
1.62 (S) 
5.06 (S) 
5.06 (S) 
1.14 (S) 
1.14 (S) 
149 (S 
3.68 (S 
2.76 (S 
3.38 (S 
3.52 (S 
3.25 (5 
1.84 (S 
1.84 (S 
3.86 (S 
2.07 (S 
2.40 (S 
2.40 (S 
2.87 (S 
3.30 (S) 


) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


Report Filename: РАН РАН LO ГРАНЕ 128178-1 FormlA PH7S6531.D $J2309855.html; Workgroup: WG61775; Design ID: 526 | 


ION ABUND. 
RATIO 


0.67 


1.02 
1.06 


0.06 


0.48 


0.69 


0.48 


0.69 
0.61 
1.44 
0.65 
0.66 
1.12 
0.37 
0.38 
0.43 


0.80 
0.96 


1.05 


0.11 


RRT 


1.011 


1.203 
1.226 


1.032 


1.003 


1.094 


1.162 


1.088 
1.092 
1.098 
1.107 
1.110 
0.969 
0.975 
0.992 
1.006 


1.076 
1.083 


1.083 


1.065 
1.073 


1.127 


1.108 


1.377 
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000545 


www.axysanalytical.com 


s.19(1) 
AXYS METHOD MLA-021 Rev 12 


Form 2 
POLYAROMATIC HYDROCARBON ANALYSIS REPORT 


SGS AXYS ANALYTICAL SERVICES 
2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 

Matrix: SOLID 

Sample Receipt Date: 26-Oct-2017 

Extraction Date: 10-Nov-2017 

Analysis Date: 29-Nov-2017 Time: 14:21:00 
Extract Volume (uL): 500 

Injection Volume (uL): 1.0 

Dilution Factor: N/A 

Concentration Units: ng absolute 


Project No. 
Lab Sample I.D.: 


Sample Size: 


Initial Calibration Date: 


Instrument ID: 


GC Column ID: 


Sample Data Filename: 


Blank Data Filename: 


Cal. Ver. Data Filename: 


% Moisture: 


CLIENT SAMPLE NO. 


JLC-1 
Sample Collection: 
17-Oct-2017 11:30 


SHELL 8642 
L28178-1 
13.9 g (dry) 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6531.D 
PH7S6503.D 
PH7S6527.D 


61.5 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


LABELED COMPOUND LAB SPIKE 
FLAG ! CONC. 
Naphthalene d-8 2000 
2-Methylnaphthalene d-10 2000 
Biphenyl d-10 2020 
2,6-Dimethylnaphthalene d-12 2020 
Acenaphthylene d-8 2000 
Dibenzothiophene d-8 2010 
Phenanthrene d-10 2010 
Fluoranthene d-10 2010 
Benzo[a]anthracene d-12 2000 
Chrysene d-12 2000 
Benzo[b]fluoranthene d-12 2020 
Benzo[k]fluoranthene d-12 2010 
Benzo[a]pyrene d-12 2010 
Perylene d-12 2010 
Dibenzo[a,h]anthracene 4-14 2000 
Indeno[1,2,3-cd]pyrene d-12 2000 
Benzo[ghi]perylene d-12 2010 


(1) Where applicable, custom lab flags have been used on this report. 
(2) R% = percent recovery. 


CONC. 
FOUND 


1060 
1340 
1440 
1500 
1450 
1420 
1450 
1890 
1750 
1670 
1670 
1540 
1510 
1620 
1680 
1570 
1570 


R(%) 2 


53.2 
66.8 
71.3 
74.2 
72.5 
70.8 
72.0 
94.5 
87.5 
83.3 
82.5 
77.0 
75.5 
80.7 
83.8 
78.6 
78.5 


ION ABUND. 
RATIO 


0.09 
0.17 


0.74 
0.16 
0.10 
0.15 
0.17 
0.25 
0.26 
0.21 
0.18 
0.22 
0.24 
0.24 
0.15 
0.19 


RRT 


0.609 
0.755 
0.868 
0.896 
0.961 
0.791 
0.807 
0.970 
1.165 
1.170 
0.957 
0.961 
1.009 
1.024 
1.209 
1.205 
1.236 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


Signed: 


processes. 


For Axys Internal Use Only [ XSL Template: Pest2.xsl; Created: 07-Dec-2017 15:40:40; Application: XMLTransformer-1.16.20; 


Report Filename: РАН РАН LO ГРАНЕ L28178-1 Form2 РН756531.0 SJ2309855.html; Workgroup: WG61775; Design ID: 526 | 
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www.axysanalytical.com 


AXYS METHOD MLA-021 Rev 12 


Form 1A 


POLYAROMATIC HYDROCARBON ANALYSIS REPORT 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 

Matrix: SOLID 

Sample Receipt Date: 26-Oct-2017 

Extraction Date: 10-Nov-2017 

Analysis Date: 29-Nov-2017 Time: 13:32:00 
Extract Volume (uL): 500 

Injection Volume (uL): 1.0 

Dilution Factor: N/A 

Concentration Units: ng/g (dry weight basis) 


Project No. 

Lab Sample I.D.: 
Sample Size: 

Initial Calibration Date: 
Instrument ID: 

GC Column ID: 
Sample Data Filename: 
Blank Data Filename: 


Cal. Ver. Data Filename: 


% Moisture: 


CLIENT SAMPLE NO. 
JLC-2 

Sample Collection: 
17-Oct-2017 13:45 


SHELL 8642 
L28178-2 
11.0 g (dry) 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6530.D 
PH7S6503.D 
PH7S6527.D 


30.5 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND CAS NO. 
Naphthalene 91-20-3 
Acenaphthylene 208-96-8 
Acenaphthene 83-32-9 
2-Methylfluorene 1430-97-3 
C2 Phenanthrenes/Anthracenes 

Fluorene 86-73-7 
Phenanthrene 85-01-8 
Anthracene 120-12-7 
C1 Phenanthrenes/Anthracenes 

Fluoranthene 206-44-0 
Pyrene 129-00-0 
Benz[a]anthracene 3 56-55-3 
Chrysene 4 218-01-9 
Benzo[b]fluoranthene 205-99-2 
Benzo[j,k]fluoranthenes 

Benzo[e]pyrene 192-97-2 
Benzo[a]pyrene 50-32-8 
Perylene 198-55-0 
Dibenz[a,h]anthracene 5 53-70-3 
Indeno[1,2,3-cd]pyrene 193-39-5 
Benzo[ghi]perylene 191-24-2 
2-Methylnaphthalene 91-57-6 
1-Methylnaphthalene 90-12-0 
C1-Naphthalenes 

Biphenyl 92-52-4 
C1-Biphenyls 

C2-Biphenyls 

C2-Naphthalenes 

1,2-Dimethylnaphthalene 573-98-8 


LAB FLAG!  CONC. 
FOUND 


1.22 
NDR 0.387 
16.2 
5.05 
913 
3.02 
96.4 
ND 
452 
11.3 
36.2 
17.2 


116 


20.8 
6.25 
46.2 
13.6 
48.9 
5.34 


10.2 
23.7 
1.40 
1.12 
2.53 
0.892 
2.52 
12.5 
19.6 
NDR 2.77 


REPORTING ION ABUND. 


LIMIT (RL)? RATIO 
0.123 (S) 0.07 
0.094 (S) 1.03 
1.97 (S) 1.25 
1.36 (S) 1.27 
3.63 (S) 

0.200 (S) 1.07 
3.00 (S) 0.20 
2.94 (S) 

1.96 (S) 

2.12 (S) 0.23 
2.03 (S) 0.23 
1.83 (S) 0.29 
2.05 (S) 0.31 
2.19 (S) 0.18 
2.20 (S) 0.22 
3.15 (S) 0.25 
3.05 (S) 0.21 
3.00 (S) 0.22 
0.967 (S) 0.19 
1.36 (S) 0.21 
1.26 (S) 0.25 
0.097 (S) 1.03 
0.104 (S) 0.91 
0.097 (S) 

0.193 (S) 0.34 
0.175 (S) 

0.160 (S) 

0.149 (S) 

0.149 (S) 3.39 


RRT 


1.006 
1.004 
1.048 
0.937 


0.843 
1.003 


1.002 
1.032 
1.003 
1.002 
1.004 
1.002 
0.996 
1.004 
1.004 
1.003 
1.002 
1.003 
1.009 
1.040 


1.005 


1.081 
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000547 


www.axysanalytical.com 


s.19(1) 


This page is part of a total report that contains information necessary for accreditation compliance. 


Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND 


2,6-Dimethylnaphthalene 
C3-Naphthalenes 
2,3,6-Trimethylnaphthalene 
2,3,5-Trimethylnaphthalene 
C4-Naphthalenes 

C1-Acenaphthenes 

C1-Fluorenes 

1,7-Dimethylfluorene 

C2-Fluorenes 

C3-Fluorenes 

Dibenzothiophene 
C1-Dibenzothiophenes 
2/3-Methyldibenzothiophenes 
C2-Dibenzothiophenes 
2,4-Dimethyldibenzothiophene 
C3-Dibenzothiophenes 
C4-Dibenzothiophenes 
3-Methylphenanthrene 
2-Methylphenanthrene 
2-Methylanthracene 
9/4-Methylphenanthrene 
1-Methylphenanthrene 
3,6-Dimethylphenanthrene 
2,6-Dimethylphenanthrene 
1,7-Dimethylphenanthrene 
1,8-Dimethylphenanthrene 
C3-Phenanthrenes/Anthracenes 
1,2,6-Trimethylphenanthrene 

Retene 
C4-Phenanthrenes/Anthracenes 
C1-Fluoranthenes/Pyrenes 
3-Methylfluoranthene/Benzo[a]fluorene 
C2-Fluoranthenes/Pyrenes 
C3-Fluoranthenes/Pyrenes 
C4-Fluoranthenes/Pyrenes 
C1-Benzo[a]anthracenes/Chrysenes 
5/6-Methylchrysene 
1-Methylchrysene 
C2-Benzo[a]anthracenes/Chrysenes 
5,9-Dimethylchrysene 
C3-Benzo[a]anthracenes/Chrysenes 
C4-Benzo[a]anthracenes/Chrysenes 
C1-Benzofluoranthenes/Benzopyrenes 
7-Methylbenzo[a]pyrene 
C2-Benzofluoranthenes/Benzopyrenes 
1,4,6,7-TetramethyInaphthalene 


4 


4 


4 
4 


(1) Where applicable, custom lab flags have been used on this report; ND = not detected at RL; NDR = peak detected but did not meet quantification 


CAS NO. LAB FLAG 


581-42-0 NDR 


829-26-5 
2245-38-7 


ND 


442-66-0 


132-65-0 NDR 
20928-02-3/16587-52-3 


31317-18-7 


832-71-3 
2531-84-2 
613-12-7 NDR 
883-20-5/832-64-4 
832-69-9 
1576-67-6 NDR 
17980-16-4 
483-87-4 
7372-87-4 


30436-55-6 NDR 
483-65-8 NDR 


1706-01-0/238-84-6 


3697-24-3/1705-85-7 
3351-28-8 


139493-40-6 


63041-77-0 


13764-18-6 NDR 


criteria, result reported represents the estimated maximum possible concentration. 
(2) Reporting Limit (Code): S = sample detection limit; M = method detection limit; L = lowest calibration level equivalent; О = minimum reporting level. 


(3) May co-elute with Cyclopenta(cd)pyrene. 


(4) May co-elute with Triphenylene. 


(5) May co-elute with Dibenz[a,c]anthracene. 


These data are validated and reported as accurate and in accord with 565 AXYS Analytical Services Ltd. 1І 5017025 compliant quality assurance 


For Axys Internal Use Only [ XSL Template: PestlA.xsl; Created: 07-Dec-2017 15:40:40; Application: XMLTransformer- 1.16.20; 


Drocesses. 
Signed: 


CONC. 
FOUND 


2.43 
143 
23.3 
17.6 
686 


79.5 
109 
634 
1400 
7.45 
64.4 
29.0 
1610 
95.3 
3640 
2890 
83.8 
100 
9.10 
174 
94.9 
78.4 
36.0 
102 
43.6 
1360 
72.5 
185 
2260 
537 
162 
1230 
879 
468 
398 
40.9 
42.5 
596 
97.8 
244 
114 
218 
21.8 
164 
142 


REPORTING 
LIMIT (RL)? 


0.127 (S) 
1.02 (S) 
0.980 (S) 
1.07 (S) 
13.0 (S) 
0.263 (S) 
1.36 (S) 
2.31 (S) 
2.31 (S) 
5.02 (S) 
2.84 (S) 
4.99 (S) 
4.99 (S) 
3.83 (S) 
3.83 (S) 
5.62 (S) 
5.05 (S) 
2.06 (S) 
2.06 (S) 
2.14 (S) 
2.06 (S) 
1.96 (S) 
3.67 (S) 
3.63 (S) 
3.60 (S) 
3.63 (S) 
5.44 (S) 
5.44 (S) 
7.01 (S) 
7.01 (S) 
4.45 (S) 
4.45 (S) 
2.86 (S) 


Report Filename: РАН РАН LO ГРАНЕ L28178-2 FormlA PH7S6530.D SJ2309854.html; Workgroup: WG61775; Design ID: 526 | 


ION ABUND. 
RATIO 


1.09 


1.04 
1.00 


0.08 


0.80 


0.81 


0.57 


0.67 
0.58 
0.88 
0.60 
0.65 
1.17 
0.33 
0.38 
0.37 


0.78 
0.60 


1.05 


0.06 


RRT 


1.011 


1.203 
1.226 


1.031 


1.002 


1.094 


1.162 


1.087 
1.092 
1.102 
1.106 
1.110 
0.969 
0.974 
0.992 
1.006 


1.075 
1.083 


1.083 


1.065 
1.073 


1.127 


1.108 


1.377 


SGS axys 
P 8 of 64 
Page 2 and 2 (WG61775 - РАН РАН LO LPAHF L28178-2 FormlA PH7S6530.D SJ2309854.html) ^. 00 


000548 
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s.19(1) 
AXYS METHOD MLA-021 Rev 12 


Form 2 
POLYAROMATIC HYDROCARBON ANALYSIS REPORT 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 

Matrix: SOLID 

Sample Receipt Date: 26-Oct-2017 

Extraction Date: 10-Nov-2017 

Analysis Date: 29-Nov-2017 Time: 13:32:00 
Extract Volume (uL): 500 

Injection Volume (uL): 1.0 

Dilution Factor: N/A 

Concentration Units: ng absolute 


Project No. 

Lab Sample I.D.: 
Sample Size: 

Initial Calibration Date: 
Instrument ID: 

GC Column ID: 

Sample Data Filename: 
Blank Data Filename: 
Cal. Ver. Data Filename: 


% Moisture: 


CLIENT SAMPLE NO. 


JLC-2 
Sample Collection: 
17-Oct-2017 13:45 


SHELL 8642 
L28178-2 
11.0 g (dry) 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6530.D 
PH7S6503.D 
PH7S6527.D 


30.5 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


LABELED COMPOUND LAB SPIKE 
FLAG 1 CONC. 
Naphthalene d-8 2000 
2-Methylnaphthalene d-10 2000 
Biphenyl d-10 2020 
2,6-DimethyInaphthalene d-12 2020 
Acenaphthylene d-8 2000 
Dibenzothiophene d-8 2010 
Phenanthrene d-10 2010 
Fluoranthene d-10 2010 
Benzo[a]anthracene d-12 2000 
Chrysene d-12 2000 
Benzo[b]fluoranthene d-12 2020 
Benzo[k]fluoranthene d-12 2010 
Benzo[a]pyrene d-12 2010 
Perylene d-12 2010 
Dibenzo[a,h]anthracene d-14 2000 
Indeno[1,2,3-cd]pyrene d-12 2000 
Benzo[ghi]perylene d-12 2010 


(1) Where applicable, custom lab flags have been used on this report. 
(2) R% = percent recovery. 


CONC. R(%) 2 

FOUND 
769 38.4 
1120 56.1 
1340 66.2 
1400 69.4 
1410 70.7 
1470 72.9 
1560 77.7 
2000 99.6 
1750 87.7 
1660 83.2 
1750 86.4 
1620 80.7 
1550 77.4 
1640 81.5 
1550 77.5 
1550 77.4 
1490 74.3 


ION ABUND. 
RATIO 


0.09 
0.17 


0.74 
0.16 
0.09 
0.15 
0.17 
0.22 
0.26 
0.21 
0.18 
0.20 
0.24 
0.23 
0.15 
0.19 


RRT 


0.609 
0.755 
0.868 
0.896 
0.961 
0.792 
0.808 
0.971 
1.164 
1.169 
0.957 
0.961 
1.008 
1.024 
1.209 
1.205 
1.236 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. І 5017025 compliant quality assurance 


Signed: 


nracesses 


For Axys Internal Use Only [ XSL Template: Pest2.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer-1.16.20; 


Report Filename: РАН РАН LO ГРАНЕ L28178-2 Form2 PH786530.D SJ2309854.html; Workgroup: WG61775; Design ID: 526 | 
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AXYS METHOD MLA-021 Rev 12 
Form 1A 
POLYAROMATIC HYDROCARBON ANALYSIS REPORT 
SGS AXYS ANALYTICAL SERVICES 


Мв 5X2 TEL (280) 655-5800 FAX (250) 655-5811 A 

Contract No.: 2600 Lab Sample I.D.: 

Matrix: SOLID Sample Size: 

Sample Receipt Date: 26-Oct-2017 Initial Calibration Date: 
Extraction Date: 10-Nov-2017 Instrument ID: 

Analysis Date: 29-Nov-2017 Time: 12:43:00 GC Column ID: 

Extract Volume (uL): 500 Sample Data Filename: 
Injection Volume (uL): 1.0 Blank Data Filename: 
Dilution Factor: N/A Cal. Ver. Data Filename: 
Concentration Units: ng/g (dry weight basis) % Moisture: 


CLIENT SAMPLE NO. 
LIT-1 

Sample Collection: 
14-Oct-2017 13:00 


SHELL 8642 
L28178-3 
11.6 g (dry) 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6529.D 
PH7S6503.D 
PH7S6527.D 


36.4 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND CAS NO. LAB FLAG! CONC. 
FOUND 

Naphthalene 91-20-3 1.19 
Acenaphthylene 208-96-8 NDR 0.179 
Acenaphthene 83-32-9 0.765 
2-Methylfluorene 1430-97-3 0.542 
C2 Phenanthrenes/Anthracenes 79.5 
Fluorene 86-73-7 0.628 
Phenanthrene 85-01-8 7.67 
Anthracene 120-12-7 NDR 0.536 
C1 Phenanthrenes/Anthracenes 34.0 
Fluoranthene 206-44-0 1.61 
Pyrene 129-00-0 9.18 
Benz[a]anthracene 3 56-55-3 NDR 2.10 
Chrysene 4 218-01-9 29.3 
Benzo[b]fluoranthene 205-99-2 6.19 
Benzo[j,k]fluoranthenes NDR 1.63 
Benzo[e]pyrene 192-97-2 24.7 
Benzo[a]pyrene 50-32-8 3.54 
Perylene 198-55-0 19.7 
Dibenz[a,h]anthracene 5 53-70-3 3.68 
Indeno[1,2,3-cd]pyrene 193-39-5 6.85 
Benzo[ghi]perylene 191-24-2 24.5 
2-Methylnaphthalene 91-57-6 1.32 
1-Methylnaphthalene 90-12-0 0.806 
C1-Naphthalenes 2.12 
Biphenyl 92-52-4 0.647 
C1-Biphenyls 1.07 
C2-Biphenyls 1.84 
C2-Naphthalenes 6.13 
1,2-DimethyInaphthalene 573-98-8 0.488 


Р. 
Page 1 and 2 (WG61775 - РАН РАН LO ГРАНЕ L28178-3 FormlA PH7S6529.D_$J2309853.html) © 


REPORTING ION ABUND. 


LIMIT (RL)? RATIO 
0.097 (S) 0.07 
0.062 (S) 0.30 
0.092 (S) 1.22 
0.268 (S) 1.37 
0.414 (S) 

0.076 (S) 1.07 
0.257 (S) 0.20 
0.251 (S) 0.96 
0.734 (S) 

0.482 (S) 0.24 
0.461 (S) 0.21 
0.331 (S) 0.65 
0.366 (S) 0.34 
0.850 (S) 0.23 
0.837 (S) 0.30 
1.13 (S) 0.22 
1.09 (S) 0.23 
0.998 (S) 0.20 
0.862 (S) 0.19 
1.38 (S) 0.23 
1.01 (S) 0.23 
0.074 (S) 0.96 
0.080 (S) 0.95 
0.074 (S) 

0.046 (S) 0.31 
0.046 (S) 

0.045 (S) 

0.157 (S) 

0.157 (S) 1.20 


RRT 


1.006 
1.003 
1.048 
0.939 


0.844 
1.004 
1.011 


1.003 
1.033 
1.003 
1.002 
1.004 
1.002 
0.996 
1.004 
1.004 
1.003 
1.002 
1.002 
1.009 
1.040 


1.005 


1.082 
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This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND 


2,6-Dimethylnaphthalene 
C3-Naphthalenes 
2,3,6-Trimethylnaphthalene 
2,3,5-Trimethylnaphthalene 
C4-Naphthalenes 
C1-Acenaphthenes 
C1-Fluorenes 
1,7-Dimethylfluorene 
C2-Fluorenes 

C3-Fluorenes 
Dibenzothiophene 
C1-Dibenzothiophenes 
213-Methyldibenzothiophenes 
C2-Dibenzothiophenes 
2,4-Dimethyldibenzothiophene 
C3-Dibenzothiophenes 
C4-Dibenzothiophenes 
3-Methylphenanthrene 
2-Methylphenanthrene 
2-Methylanthracene 
9/4-Methylphenanthrene 
1-Methylphenanthrene 
3,6-Dimethylphenanthrene 
2,6-Dimethylphenanthrene 
1,7-Dimethylphenanthrene 
1,8-Dimethylphenanthrene 
C3-Phenanthrenes/Anthracenes 
1,2,6-Trimethylphenanthrene 
Retene 
C4-Phenanthrenes/Anthracenes 
C1-Fluoranthenes/Pyrenes 
3-Methylfluoranthene/Benzo[a]fluorene 
C2-Fluoranthenes/Pyrenes 
C3-Fluoranthenes/Pyrenes 
C4-Fluoranthenes/Pyrenes 
C1-Benzo[a]anthracenes/Chrysenes 
5/6-Methylchrysene 
1-Methylchrysene 


4 


C2-Benzo[a]anthracenes/Chrysenes 4 


5,9-Dimethylchrysene 
C3-Benzo[a]anthracenes/Chrysenes 
C4-Benzo[a]anthracenes/Chrysenes 
C1-Benzofluoranthenes/Benzopyrenes 
7-Methylbenzo[a]pyrene 
C2-Benzofluoranthenes/Benzopyrenes 
1,4,6,7-TetramethyInaphthalene 


4 
4 


CAS NO. 


581-42-0 


829-26-5 
2245-38-7 


442-66-0 


132-65-0 


20928-02-3/16587-52-3 


31317-18-7 


832-71-3 
2531-84-2 
613-12-7 
883-20-5/832-64-4 
832-69-9 
1576-67-6 
17980-16-4 
483-87-4 
7372-87-4 


30436-55-6 
483-65-8 


1706-01-0/238-84-6 


3697-24-3/1705-85-7 
3351-28-8 


139493-40-6 


63041-77-0 


13764-18-6 


LAB FLAG 1 


ND 


NDR 


NDR 


ND 


NDR 


NDR 


NDR 
NDR 


NDR 


CONC. 
FOUND 


1.40 
13.7 
3.23 
2.19 
21.8 


5.95 
4.34 
25.4 
102 
1.41 
14.6 
5.11 
124 
6.91 
302 
310 
6.72 
7.47 


12.7 
7.08 
5.73 
4.61 
11.3 
3.30 
132 
5.20 
19.3 
381 
17.0 
17.9 
301 
332 
164 
71.6 
4.72 
5.98 
132 
254 
55.0 
40.4 


110 
9.77 
72.2 
4.23 


REPORTING 
LIMIT (RL)? 


0.134 (S) 
0.183 (S) 
0.175 (S) 
0.191 (S) 
0.239 (S) 
0.123 (S) 


1.62 (S) 
1.63 (S) 
1.63 (S) 
0.646 (S) 


0.976 (S 
0.976 (S 
1.28 (S) 
0.239 (S) 


ION ABUND. 


RATIO 


0.74 


0.89 
1.02 


0.07 


0.99 


0.11 


RRT 


1.011 


1.204 
1.226 


1.032 


1.003 
1.094 
1.162 
1.087 
1.092 
1.106 
1.110 
0.970 
0.975 
0.993 
1.007 
1.076 
1.083 


1.083 


1.065 
1.073 


1.126 


1.108 


1.378 


(1) Where applicable, custom lab flags have been used on this report; ND = not detected at RL; МОК = peak detected but did not meet quantification 
criteria, result reported represents the estimated maximum possible concentration. 


(2) Reporting Limit (Code): 5 = sample detection limit; M = method detection limit; L 
May co-elute with Cyclopenta(cd)pyrene. 


(3) 
(4) May co-elute with Triphenylene. 
) 


5) May co-elute with Dibenz[a,c]anthracene. 


= lowest calibration level equivalent; Q = minimum reporting level. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
Drocesses. 
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s.19(1 
(1) АХУ$ METHOD MLA-021 Rev 12 CLIENT SAMPLE NO. 
Form 2 LIT-1 р 
Sample Collection: 
POLYAROMATIC HYDROCARBON ANALYSIS REPORT 14-Oct-2017 13:00 
SGS AXYS ANALYTICAL SERVICES : 
2045 MILLS RD., SIDNEY, B.C., CANADA Project No. SHELL 8642 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 
Contract No.: 2600 Lab Sample 1.0.: L28178-3 
Matrix: SOLID Sample Size: 11.6 g (dry) 
Sample Receipt Date: 26-Oct-2017 Initial Calibration Date: 18-Nov-2017 
Extraction Date: 10-Nov-2017 Instrument ID: LR GC/MS 
Analysis Date: 29-Nov-2017 Time: 12:43:00 GC Column ID: RTX5 
Extract Volume (uL): 500 Sample Data Filename: PH7S6529.D 
Injection Volume (uL): 1.0 Blank Data Filename: PH7S6503.D 
Dilution Factor: N/A Cal. Ver. Data Filename: PH7S6527.D 
Concentration Units: ng absolute % Moisture: 36.4 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


LABELED COMPOUND LAB SPIKE CONC. R(%) 2 ION ABUND. 
FLAG 1 CONC. FOUND RATIO 

Naphthalene d-8 2000 534 26.7 0.09 
2-Methylnaphthalene d-10 2000 659 33.0 0.17 
Biphenyl d-10 2020 757 37.5 
2,6-Dimethylnaphthalene d-12 2020 785 38.9 0.74 
Acenaphthylene d-8 2000 765 38.3 0.15 
Dibenzothiophene d-8 2010 791 39.4 0.09 
Phenanthrene d-10 2010 884 44.0 0.15 
Fluoranthene d-10 2010 1020 51.0 0.17 
Benzo[a]anthracene d-12 2000 1090 54.7 0.23 
Chrysene d-12 2000 1060 53.1 0.30 
Benzo[b]fluoranthene d-12 2020 1010 50.0 0.20 
Benzo[k]fluoranthene d-12 2010 976 48.7 0.21 
Benzo[a]pyrene d-12 2010 1010 50.3 0.19 
Perylene d-12 2010 1160 57.5 0.25 
Dibenzo[a,h]anthracene d-14 2000 1020 50.8 0.26 
Indeno[1,2,3-cd]pyrene d-12 2000 1070 53.4 0.16 
Benzo[ghi]perylene d-12 2010 1400 70.0 0.19 


(1) Where applicable, custom lab flags have been used on this report. 
(2) R% = percent recovery. 


RRT 


0.608 
0.755 
0.868 
0.895 
0.961 
0.792 
0.808 
0.970 
1.164 
1.169 
0.957 
0.962 
1.008 
1.024 
1.210 
1.206 
1.237 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


processes. 
Signed: 


For Axys Internal Use Only | XSL Template: Pest2.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer-1.16.20; 
Report Filename: РАН РАН LO ГРАНЕ L28178-3 Form2 PH7S6529.D SJ2309853.html; Workgroup: WG61775; Design ID: 526 | 
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AXYS METHOD MLA-021 Rev 12 


Form 1A 


POLYAROMATIC HYDROCARBON ANALYSIS REPORT 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
УВЕ 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 
Matrix: SOLID 
Sample Receipt Date: N/A 


Extraction Date: 10-Nov-2017 


Analysis Date: 28-Nov-2017 Time: 16:29:00 


Extract Volume (uL): 500 
Injection Volume (uL): 1.0 

Dilution Factor: N/A 
Concentration Units: ng/g 


Project No. 

Lab Sample I.D.: 
Sample Size: 

Initial Calibration Date: 
Instrument ID: 

GC Column ID: 

Sample Data Filename: 
Blank Data Filename: 


Cal. Ver. Data Filename: 


CLIENT SAMPLE NO. 


Lab Blank 
Sample Collection: 
N/A 


N/A 
WG61775-101 
10.0g 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6503.D 
PH7S6503.D 
PH7S6499.D 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND CAS NO. 
Naphthalene 91-20-3 
Acenaphthylene 208-96-8 
Acenaphthene 83-32-9 
2-Methylfluorene 1430-97-3 
C2 Phenanthrenes/Anthracenes 

Fluorene 86-73-7 
Phenanthrene 85-01-8 
Anthracene 120-12-7 
C1 Phenanthrenes/Anthracenes 

Fluoranthene 206-44-0 
Pyrene 129-00-0 
Benz[aJanthracene 3 56-55-3 
Chrysene 4 218-01-9 
Benzo[b]fluoranthene 205-99-2 
Benzo[j,k]fluoranthenes 

Benzo[e]pyrene 192-97-2 
Benzo[a]pyrene 50-32-8 
Perylene 198-55-0 
Dibenz[a,h]anthracene 5 53-70-3 
Indeno[1,2,3-cd]pyrene 193-39-5 
Benzo[ghi]perylene 191-24-2 
2-Methylnaphthalene 91-57-6 
1-Methylnaphthalene 90-12-0 
C1-Naphthalenes 

Biphenyl 92-52-4 
C1-Biphenyls 

C2-Biphenyls 

C2-Naphthalenes 

1,2-Dimethylnaphthalene 573-98-8 


Р 13 of 
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LAB FLAG! CONC. 
FOUND 
NDR 0.367 
ND 
ND 
ND 
0.087 
ND 
0.182 
NDR 0.077 
ND 
0.083 
0.067 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NDR 0.034 
NDR 0.076 
ND 
0.204 
0.107 
0.311 
0.171 
0.459 
0.390 
ND 
ND 


REPORTING 


LIMIT (RL)? RATIO 


0.14 


0.20 
0.23 


0.022 (S 
0.021 (S 
0.020 (S 


0.020 (S 


0.23 
0.22 


) 

) 0.68 

0.035 (S) 3.40 

0.031 (S) 

0.050 (S) 0.89 
) 


0.90 


0.069 (S) 0.27 
0.045 (S) 
0.038 (S) 
0.148 (S) 
0.148 (S) 


ION ABUND. 


RRT 


1.006 


1.004 
1.012 


1.002 
1.032 


1.003 
1.004 


1.009 
1.040 


1.005 
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This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


COMPOUND 


2,6-Dimethylnaphthalene 
C3-Naphthalenes 
2,3,6-Trimethylnaphthalene 
2,3,5-Trimethylnaphthalene 
C4-Naphthalenes 
C1-Acenaphthenes 
C1-Fluorenes 
1,7-Dimethylfluorene 
C2-Fluorenes 

C3-Fluorenes 
Dibenzothiophene 
C1-Dibenzothiophenes 
213-Methyldibenzothiophenes 
C2-Dibenzothiophenes 
2,4-Dimethyldibenzothiophene 
C3-Dibenzothiophenes 
C4-Dibenzothiophenes 
3-Methylphenanthrene 
2-Methylphenanthrene 
2-Methylanthracene 
9/4-Methylphenanthrene 
1-Methylphenanthrene 
3,6-Dimethylphenanthrene 
2,6-Dimethylphenanthrene 
1,7-Dimethylphenanthrene 
1,8-Dimethylphenanthrene 
C3-Phenanthrenes/Anthracenes 
1,2,6-Trimethylphenanthrene 
Retene 
C4-Phenanthrenes/Anthracenes 
C1-Fluoranthenes/Pyrenes 


3-Methylfluoranthene/Benzo[a]fluorene 


C2-Fluoranthenes/Pyrenes 
C3-Fluoranthenes/Pyrenes 
C4-Fluoranthenes/Pyrenes 


C1-Benzo[aJanthracenes/Chrysenes 


5/6-Methylchrysene 
1-Methylchrysene 


C2-Benzo[a]anthracenes/Chrysenes 


5,9-Dimethylchrysene 


C3-Benzo[a]anthracenes/Chrysenes 


C4-Benzo[a]anthracenes/Chrysenes 
C1-Benzofluoranthenes/Benzopyrenes 


7-Methylbenzo[a]pyrene 


C2-Benzofluoranthenes/Benzopyrenes 


1,4,6,7-Tetramethylnaphthalene 


CAS NO. LAB FLAG ! 

581-42-0 ND 
829-26-5 

2245-38-7 ND 
ND 
ND 
442-66-0 ND 
ND 
ND 
132-65-0 ND 
ND 
20928-02-3/16587-52-3 ND 
ND 
31317-18-7 ND 
ND 
832-71-3 ND 
2531-84-2 ND 
613-12-7 ND 
883-20-5/832-64-4 ND 
832-69-9 ND 
1576-67-6 ND 
17980-16-4 ND 
483-87-4 ND 
7372-87-4 ND 
ND 
30436-55-6 ND 
483-65-8 ND 
ND 
ND 
1706-01-0/238-84-6 ND 
ND 
ND 
ND 
ND 
3697-24-3/1705-85-7 ND 
3351-28-8 ND 
ND 
139493-40-6 ND 
ND 
ND 
ND 
63041-77-0 ND 
ND 
13764-18-6 ND 


CONC. 
FOUND 


0.233 
0.036 


0.120 


0.384 


REPORTING 
LIMIT (RL)? 


0.126 (S) 
0.036 (S) 
0.034 (S) 


ION ABUND. 
RATIO 


0.78 


RRT 


1.207 


(1) Where applicable, custom lab flags have been used on this report; ND = not detected at RL; NDR = peak detected but did not meet quantification 
criteria, result reported represents the estimated maximum possible concentration. 
(2) Reporting Limit (Code): S = sample detection limit; M = method detection limit; L = lowest calibration level equivalent; Q = minimum reporting level. 


(3) May co-elute with Cyclopenta(cd)pyrene. 


(4) May co-elute with Triphenylene. 


(5) May co-elute with Dibenz[a,c]anthracene. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


P 
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AXYS METHOD MLA-021 Rev 12 


Form 2 
POLYAROMATIC HYDROCARBON ANALYSIS REPORT 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 

Matrix: SOLID 

Sample Receipt Date: N/A 

Extraction Date: 10-Nov-2017 

Analysis Date: 28-Nov-2017 Time: 16:29:00 
Extract Volume (uL): 500 

Injection Volume (uL): 1.0 

Dilution Factor: N/A 

Concentration Units: ng absolute 


Project No. 

Lab Sample I.D.: 
Sample Size: 

Initial Calibration Date: 
Instrument ID: 

GC Column ID: 
Sample Data Filename: 
Blank Data Filename: 


Cal. Ver. Data Filename: 


CLIENT SAMPLE NO. 


Lab Blank 
Sample Collection: 
N/A 


N/A 
WG61775-101 
10.0 g 
18-Nov-2017 
LR GC/MS 
RTX5 
PH7S6503.D 
PH7S6503.D 


PH7S6499.D 


This page is part of a total report that contains information necessary for accreditation compliance. 
Results are compliant with CALA accreditation described in the total report. Sample results relate only to the sample tested. 


LABELED COMPOUND LAB SPIKE 
FLAG 1 CONC. 
Naphthalene d-8 2000 
2-Methylnaphthalene 4-10 2000 
Biphenyl d-10 2020 
2,6-Dimethylnaphthalene d-12 2020 
Acenaphthylene d-8 2000 
Dibenzothiophene d-8 2010 
Phenanthrene d-10 2010 
Fluoranthene d-10 2010 
Benzo[a]anthracene 4-12 2000 
Chrysene d-12 2000 
Benzo[b]fluoranthene d-12 2020 
Benzo[k]fluoranthene d-12 2010 
Benzo[a]pyrene d-12 2010 
Perylene d-12 2010 
Dibenzo[a,h]anthracene 4-14 2000 
Indeno[1,2,3-cd]pyrene d-12 2000 
Benzo[ghi]perylene d-12 2010 


(1) Where applicable, custom lab flags have been used on this report. 
(2) R% = percent recovery. 


CONC. R(%) 2 

FOUND 
831 41.5 
947 47.4 
1030 51.0 
1040 51.8 
1030 514 
991 49.3 
1290 64.2 
1550 77.5 
1760 87.9 
1840 92.0 
1660 82.2 
1700 84.6 
1640 81.9 
1630 80.9 
1680 83.8 
1650 82.3 
1720 85.6 


ION ABUND. 
RATIO 


0.09 
0.17 


0.74 
0.15 
0.08 
0.14 
0.16 
0.24 
0.26 
0.20 
0.19 
0.20 
0.25 
0.27 
0.18 
0.19 


RRT 


0.607 
0.755 
0.868 
0.895 
0.961 
0.792 
0.808 
0.971 
1.164 
1.169 
0.957 
0.962 
1.008 
1.024 
1.210 
1.206 
1.237 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


Signed: 


processes. 


For Axys Internal Use Only [ XSL Template: Pest2.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer-1.16.20; 
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AXYS METHOD MLA-021 Rev 12 
Form 8A 
POLYAROMATIC HYDROCARBON ONGOING PRECISION AND RECOVERY (OPR) 
SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 OPR Data Filename: PH7S6500.D 
Matrix: SOLID Lab Sample I.D.: WG61775-102 
Extraction Date: 10-Nov-2017 Analysis Date: 28-Nov-2017 Time: 14:03:00 


ALL CONCENTRATIONS REPORTED ON THIS FORM ARE CONCENTRATIONS IN EXTRACT, BASED ON 100 uL EXTRACT. 


COMPOUND CAS NO. LAB ION SPIKE CONC. OPR CONC. 96 
FLAG ! ABUND. CONC. FOUND LIMITS RECOVERY 
RATIO (ng/mL) (ng/mL) (ng/mL) 
Naphthalene 91-20-3 0.07 19700 17500 13800 - 25600 88.6 
Acenaphthylene 208-96-8 0.20 19700 19700 13800 - 27500 100 
Acenaphthene 83-32-9 1.15 20100 21400 14000 - 26100 107 
2-Methylfluorene 1430-97-3 1.26 20000 25400 10000 - 30000 127 
Fluorene 86-73-7 0.98 19700 17700 11800 - 27500 90.0 
Phenanthrene 85-01-8 0.19 20200 19700 14100 - 26200 97.8 
Anthracene 120-12-7 0.19 20100 19800 14000 - 26100 98.6 
Fluoranthene 206-44-0 0.20 19800 20200 13900 - 25700 102 
Pyrene 129-00-0 0.21 19800 19200 13900 - 25700 97.0 
Benz[a]anthracene 56-55-3 0.27 20100 19800 14100 - 26200 98.1 
Chrysene 218-01-9 0.30 20100 19500 14100 - 26100 97.1 
Benzo[b]fluoranthene 205-99-2 0.22 20100 20500 14100 - 26200 102 
Benzo[j,k]fluoranthenes 0.22 20200 19500 14100 - 26200 96.8 
Benzo[e]pyrene 192-97-2 0.22 20000 20800 14000 - 26000 104 
Benzo[a]pyrene 50-32-8 0.22 20000 19700 14000 - 26000 98.4 
Perylene 198-55-0 0.22 20000 20400 14000 - 26000 102 
Dibenz[a,h]anthracene 53-70-3 0.17 19700 19200 13800 - 25600 97.3 
Indeno[1,2,3-cd]pyrene 193-39-5 0.21 20100 20200 14100 - 26200 100 
Benzo[ghi]perylene 191-24-2 0.22 19700 18400 13800 - 25600 93.4 
2-Methylnaphthalene 91-57-6 0.89 20000 18700 14000 - 26000 93.9 
1-Methylnaphthalene 90-12-0 0.92 20000 19000 14000 - 26000 94.9 
Biphenyl 92-52-4 0.29 20100 20000 14000 - 26100 99.9 
1,2-Dimethylnaphthalene 573-98-8 1.28 20000 19000 12000 - 28000 94.9 
2,6-Dimethylnaphthalene 581-42-0 0.69 20000 20100 14000 - 26000 100 
2,3,6-Trimethylnaphthalene 829-26-5 0.90 20000 23000 10000 - 30000 115 
2,3,5-Trimethylnaphthalene 2245-38-7 0.90 20000 23300 10000 - 30000 116 
1,7-Dimethylfluorene 442-66-0 0.08 20000 25200 10000 - 30000 126 
Dibenzothiophene 132-65-0 0.08 20000 19700 12000 - 28000 98.4 
213-Methyldibenzothiophenes 20928-02- 0.71 20000 22800 10000 - 30000 114 
3/16587-52-3 
2-Methylphenanthrene 2531-84-2 0.58 20000 24300 10000 - 30000 122 
2-Methylanthracene 613-12-7 0.50 20000 24100 10000 - 30000 121 
1-Methylphenanthrene 832-69-9 0.60 20000 24000 10000 - 30000 120 
3,6-Dimethylphenanthrene 1576-67-6 0.35 20000 22000 9990 - 30000 110 
1,7-Dimethylphenanthrene 483-87-4 0.34 20100 22600 10000 - 30100 113 
1,2,6-Trimethylphenanthrene 30436-55-6 0.60 23300 30000 11700 - 35000 128 
SGS axys 
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s.19(1) 
COMPOUND CAS NO. 
Retene 483-65-8 
5/6-Methylchrysene 3697-24- 
3/1705-85-7 
1-Methylchrysene 3351-28-8 
7-Methylbenzo[a]pyrene 63041-77-0 
1,4,6,7-Tetramethylnaphthalene 13764-18-6 


LAB 
FLAG ! 


(1) Where applicable, custom lab flags have been used on this report. 


ION 
ABUND. 
RATIO 


1.63 


0.03 


SPIKE 
CONC. 
(ng/mL) 


20000 
20000 


20000 
20000 
20000 


CONC. 
FOUND 
(ng/mL) 


22200 
22600 


23000 
22600 
25200 


OPR CONC. 
LIMITS 
(ng/mL) 


9990 - 30000 
10000 - 30000 


10000 - 30000 
9980 - 30000 
9980 - 39900 


% 


111 
113 


115 
113 
126 


КЕСОМЕКУ 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


Signed: 


processes. 


These pages are part of a larger report that may contain information necessary for full data evaluation. Results reported relate only to the sample tested. 
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s.19(1) AXYS METHOD MLA-021 Rev 12 
Form 8B 
POLYAROMATIC HYDROCARBON ONGOING PRECISION AND RECOVERY (OPR) 
SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Contract No.: 2600 OPR Data Filename: PH7S6500.D 
Matrix: SOLID Lab Sample I.D.: WG61775-102 
Extraction Date: 10-Nov-2017 Analysis Date: 28-Nov-2017 Time: 14:03:00 


ALL CONCENTRATIONS REPORTED ON THIS FORM ARE CONCENTRATIONS IN EXTRACT, BASED ON 100 uL EXTRACT. 


LABELED CAS NO. LAB ION SPIKE CONC. OPR CONC. 96 
COMPOUND FLAG ! ABUND. CONC. FOUND LIMITS RECOVERY 
RATIO (ng/mL) (ng/mL) (ng/mL) 

Naphthalene d-8 1146-65-2 0.09 20000 8360 3000-26000 41.8 
2-Methylnaphthalene d-10 7297-45-2 0.17 20000 9230 4000-26000 46.2 
Biphenyl d-10 1486-01-7 20200 9590 3030-26300 47.5 
2,6-Dimethylnaphthalene 4-12 350820-12-1 0.74 20200 10100 4030-26200 50.2 
Acenaphthylene d-8 93951-97-4 0.15 20000 8950 4000-26000 44.8 
Dibenzothiophene d-8 33262-29-2 0.08 20100 9180 6030-26100 45.7 
Phenanthrene d-10 1517-22-2 0.15 20100 11200 6030-26100 55.8 
Fluoranthene d-10 93951-69-0 0.16 20100 12400 6020-26100 61.9 
Benzo[a]anthracene d-12 1718-53-2 0.24 20000 12800 6000-26000 64.1 
Chrysene d-12 1719-03-5 0.26 20000 13000 6000-26000 65.0 
Benzo[b]fluoranthene d-12 93951-98-5 0.20 20200 11800 6060-26300 58.3 
Benzo[k]fluoranthene d-12 93952-01-3 0.19 20100 12200 6020-26100 60.8 
Benzo[a]pyrene d-12 63466-71-7 0.20 20100 11000 6020-26100 55.0 
Perylene d-12 1520-96-3 0.25 20100 10400 6030-26100 51.8 
Dibenzo[a,h]anthracene d-14 13250-98-1 0.28 20000 11400 6000-26000 57.1 
Indeno[1,2,3-cd]pyrene d-12 203578-33-0 0.18 20000 10300 6000-26000 51.3 
Benzo[ghi]perylene d-12 93951-66-7 0.19 20100 9960 6020-26100 49.7 


(1) Where applicable, custom lab flags have been used on this report. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
processes. 


Signed: 


These pages are part of a larger report that may contain information necessary for full data evaluation. Results reported relate only to the sample tested. 
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AXYS METHOD MLA-021 Rev 12 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Initial Calibration Date: 
Instrument ID: 


GC Column ID: 


COMPOUND 


Naphthalene 
Acenaphthylene 
Acenaphthene 
2-Methylfluorene 
Fluorene 

Phenanthrene 
Anthracene 
Fluoranthene 

Pyrene 
Benz[a]anthracene 
Chrysene 
Benzo[b]fluoranthene 
Benzo[j,k]fluoranthenes 
Benzo[e]pyrene 
Benzo[a]pyrene 
Perylene 
Dibenz[a,h]anthracene 
Indeno[1,2,3-cd]pyrene 
Benzo[ghi]perylene 
2-MethylInaphthalene 
1-MethyInaphthalene 
Biphenyl 

C1-Biphenyls 
C2-Biphenyls 
1,2-Dimethyinaphthalene 
2,6-DimethyInaphthalene 
C3-Naphthalenes 
2,3,6-Trimethylnaphthalene 
2,3,5-Trimethylnaphthalene 
C4-Naphthalenes 
C1-Acenaphthenes 
C1-Fluorenes 
1,7-Dimethylfluorene 
C2-Fluorenes 
C3-Fluorenes 
Dibenzothiophene 


18-Nov-2017 
LR GC/MS 


RTX5 


LAB 
FLAG 
1 


2/3-Methyldibenzothiophenes 


C2-Dibenzothiophenes 


Р 
Page 1 and 2 (WG61775 - GENERIC-SPECS РАН LO 18-Nov-2017 PH7S Form3A GS73447.html)" 


cso 


Form 3A 
POLYAROMATIC HYDROCARBON INITIAL CALIBRATION RELATIVE RESPONSES 


cs1 


1.15 
1.14 
0.63 
0.41 
0.70 
1.11 
1.14 
1.23 
1.29 
1.40 
1.24 
1.51 
1.19 
1.13 
1.20 
1.31 
1.43 
1.24 
1.32 
1.22 
1.12 
1.14 
1.14 
1.14 
1.06 
1.18 
1.09 
1.13 
1.05 
1.11 
0.63 
0.41 
0.44 
0.44 
0.44 
1.22 
0.74 
0.62 


С50 Data Filename: 
CS1 Data Filename: 
CS2 Data Filename: 
CS3 Data Filename: 
CS4 Data Filename: 
CS5 Data Filename: 


CS6 Data Filename: 


N/A 

PH7S6326.D 
PH7S6327.D 
PH7S6328.D 
PH7S6330.D 
PH7S6329.D 


N/A 


RELATIVE RESPONSE (RR) 


С52 с53 
1.19 1.20 
1.15 1.15 
0.64 0.65 
0.41 0.43 
0.73 0.75 
1.15 1.15 
1.14 1.18 
1.24 1.30 
1.30 1.35 
1.42 1.42 
1.27 1.29 
1.48 1.44 
1.18 1.20 
1.16 1.25 
1.24 1.27 
1.39 1.43 
1.47 1.53 
1.25 1.26 
1.37 1.40 
1.23 1.23 
1.15 1.15 
1.15 1.16 
1.15 1.16 
1.15 1.16 
1.03 1.01 
1.20 1.21 
1.14 1.14 
1.20 1.19 
1.08 1.09 
1.16 1.17 
0.64 0.65 
0.41 0.43 
0.46 0.47 
0.46 0.47 
0.46 0.47 
1.23 1.24 
0.73 0.77 
0.65 0.70 


CS4 


1.25 
1.22 
0.68 
0.45 
0.78 
1.22 
1.25 
1.34 
1.39 
1.51 
1.36 
1.55 
1.30 
1.37 
1.40 
1.58 
1.66 
1.38 
1.52 
1.31 
1.19 
1.21 
1.21 
1.21 
1.06 
1.29 
1.23 
1.27 
1.19 
1.25 
0.68 
0.45 
0.50 
0.50 
0.50 
1.29 
0.85 
0.74 


CS5 CS6 


1.17 
1.15 
0.65 
0.44 
0.74 
1.13 
1.16 
1.22 
1.29 
1.39 
1.26 
1.46 
1.19 
1.27 
1.31 
1.48 
1.56 
1.29 
1.44 
1.24 
1.16 
1.16 
1.16 
1.16 
1.03 
1.22 
1.18 
1.23 
1.13 
1.22 
0.65 
0.44 
0.48 
0.48 
0.48 
1.19 
0.78 
0.71 


MEAN 


RR 


1.19 
1.16 
0.65 
0.43 
0.74 
1.15 
1.17 
1.27 
1.32 
1.43 
1.28 
1.49 
1.21 
1.24 
1.28 
1.44 
1.53 
1.29 
1.41 
1.25 
1.15 
1.17 
1.17 
1.17 
1.04 
1.22 
1.16 
1.20 
1.11 
1.18 
0.65 
0.43 
0.47 
0.47 
0.47 
1.24 
0.77 
0.68 


CV 


(%RSD)? 


3.18 
2.86 
3.20 
4.38 
3.84 
3.81 
3.64 
4.02 
3.27 
3.28 
3.62 
2.76 
4.05 
7.54 
5.88 
6.91 
5.78 
4.45 
5.27 
2.82 
2.20 
2.42 
2.42 
2.42 
1.99 
3.46 
4.54 
4.30 
4.92 
4.75 
3.20 
4.38 
4.80 
4.80 
4.80 
2.75 
5.80 
6.81 
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s.19(1) 
RELATIVE RESPONSE (RR) 
с50 с51 CS2 CS3 CS4 CS5 CS6 MEAN СУ 
RR (%RSD)? 
COMPOUND LAB 
FLAG 
1 

2,4-Dimethyldibenzothiophene 0.62 0.65 0.70 0.74 0.71 0.68 6.81 
C3-Dibenzothiophenes 0.62 0.65 0.70 0.74 0.71 0.68 6.81 
C4-Dibenzothiophenes 0.62 0.65 0.70 0.74 0.71 0.68 6.81 
3-Methylphenanthrene 0.72 0.76 0.78 0.85 0.82 0.79 6.38 
2-Methylphenanthrene 0.73 0.76 0.79 0.85 0.82 0.79 5.81 
2-Methylanthracene 0.67 0.73 0.75 0.82 0.81 0.76 8.12 
9/4-Methylphenanthrene 0.72 0.76 0.78 0.85 0.82 0.79 6.38 
1-Methylphenanthrene 0.77 0.81 0.82 0.89 0.83 0.82 5.44 
3,6-Dimethylphenanthrene 0.67 0.69 0.72 0.73 0.72 0.70 3.21 
2,6-Dimethylphenanthrene 0.68 0.70 0.73 0.71 0.74 0.71 3.30 
1,7-Dimethylphenanthrene 0.68 0.70 0.74 0.70 0.76 0.72 4.08 
1,8-Dimethylphenanthrene 0.68 0.70 0.73 0.71 0.74 0.71 3.30 
C3-Phenanthrenes/Anthracenes 0.60 0.60 0.63 0.65 0.64 0.62 3.69 
1,2,6-Trimethylphenanthrene 0.60 0.60 0.63 0.65 0.64 0.62 3.69 
Retene 0.27 0.26 0.28 0.30 0.29 0.28 5.53 
C4-Phenanthrenes/Anthracenes 0.27 0.26 0.28 0.30 0.29 0.28 5.53 
3-Methylfluoranthene/Benzo[a] 0.37 0.38 0.37 0.38 0.39 0.38 2.73 
fluorene 
C2-Fluoranthenes/Pyrenes 0.37 0.38 0.37 0.38 0.39 0.38 2.73 
C3-Fluoranthenes/Pyrenes 0.37 0.38 0.37 0.38 0.39 0.38 2:73 
C4-Fluoranthenes/Pyrenes 0.37 0.38 0.37 0.38 0.39 0.38 2.73 
C1-Benzo[a] 0.83 0.85 0.89 0.93 0.93 0.89 5.27 
anthracenes/Chrysenes 
5/6-Methylchrysene 0.80 0.82 0.86 0.88 0.89 0.85 4.52 
1-Methylchrysene 0.86 0.87 0.92 0.98 0.97 0.92 6.06 
C2-Benzo[a] 0.66 0.69 0.71 0.73 0.78 0.71 6.20 
anthracenes/Chrysenes 
5,9-Dimethylchrysene 0.66 0.69 0.71 0.73 0.78 0.71 6.20 
C3-Benzo[a] 0.66 0.69 0.71 0.73 0.78 0.71 6.20 
anthracenes/Chrysenes 
C4-Benzo[a] 0.66 0.69 0.71 0.73 0.78 0.71 6.20 
anthracenes/Chrysenes 
C1- 0.79 0.79 0.85 0.97 0.95 0.87 9.85 
Benzofluoranthenes/Benzopyrenes 
7-Methylbenzo[a]pyrene 0.79 0.79 0.85 0.97 0.95 0.87 9.85 
C2- 0.79 0.79 0.85 0.97 0.95 0.87 9.85 
Benzofluoranthenes/Benzopyrenes 
1,4,6,7-Tetramethylnaphthalene 1.11 1.16 1.17 1.25 1.22 1.18 4.75 


(1) Where applicable, custom lab flags have been used on this report. 
(2) QC limit is 2096 for native compounds with a labeled analog, 35% for those without a labeled analog. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
nrocesses 


Signed: 
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s.19(1) 


AXYS METHOD MLA-021 Rev 12 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Initial Calibration Date: 18-Nov-2017 
Instrument ID: LR GC/MS 
GC Column ID: RTX5 
cso 
LABELED COMPOUND LAB 
FLAG 1 


Naphthalene d-8 
2-Methylnaphthalene 4-10 
Biphenyl d-10 
2,6-Dimethylnaphthalene d-12 
Acenaphthylene d-8 
Dibenzothiophene d-8 
Phenanthrene d-10 
Fluoranthene d-10 
Benzo[a]anthracene d-12 
Chrysene d-12 
Benzo[b]fluoranthene d-12 
Benzo[k]fluoranthene d-12 
Benzo[a]pyrene d-12 
Perylene d-12 
Dibenzo[a,h]anthracene 4-14 
Indeno[1,2,3-cd]pyrene d-12 
Benzo[ghi]perylene d-12 


(1) Where applicable, custom lab flags have been used on this report. 


(2) QC limit is 35% for labeled compounds. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
processes. 


Signed: 


Form 3B 
POLYAROMATIC HYDROCARBON INITIAL CALIBRATION RELATIVE RESPONSES 


CS1 


1.58 
1.07 
1.42 
0.96 
1.92 
0.82 
0.89 
0.98 
0.82 
0.90 
0.92 
1.13 
0.96 
0.85 
0.77 
0.99 
0.98 


с50 Data Filename: N/A 

CS1 Data Filename: PH7S6326.D 
CS2 Data Filename: PH7S6327.D 
CS3 Data Filename: PH7S6328.D 
CS4 Data Filename: PH7S6330.D 
CS5 Data Filename: PH7S6329.D 
CS6 Data Filename: N/A 


RELATIVE RESPONSE (RR) 
с52 CS3 CS4 CS5 CS6 


1.56 1.58 1.60 1.57 
1.06 1.07 1.08 1.06 
1.41 1.42 1.42 1.40 
0.95 0.96 0.97 0.96 
1.95 1.95 1.98 1.95 
0.82 0.85 0.85 0.86 
0.89 0.93 0.93 0.93 


0.98 0.99 1.01 1.00 
0.83 0.81 0.82 0.83 
0.92 0.90 0.91 0.92 


0.92 0.92 0.92 0.93 
1.14 1.15 1.18 1.19 
0.97 0.98 0.98 1.01 
0.85 0.86 0.86 0.88 
0.78 0.77 0.79 0.82 
1.00 0.98 0.99 1.02 
0.99 0.99 1.00 1.01 


For Axys Internal Use Only [ XSL Template: Form3B.xsl; Created: 07-Dec-2017 15:40:40; Application: XMLTransformer- 1.16.20; 
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MEAN 
RR 


1.58 
1.07 
1.41 
0.96 
1.95 
0.84 
0.91 
0.99 
0.82 
0.91 
0.92 
1.16 
0.98 
0.86 
0.78 
1.00 
0.99 


CV 
(%RSD)? 


0.82 
0.80 
0.63 
0.49 
1.12 
2.27 
2.53 
1.55 
0.81 
1.04 
0.63 
2.22 
1.58 
1.31 
2.61 
1.44 
0.98 
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AXYS METHOD MLA-021 Rev 12 
Form 3C 
POLYAROMATIC HYDROCARBON INITIAL CALIBRATION ION ABUNDANCE RATIOS 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA CSO Data Filename: N/A 

V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 

Initial Calibration Date: 18-Nov-2017 CS1 Data Filename: PH7S6326.D 

Instrument ID: LR GC/MS CS2 Data Filename: PH7S6327.D 

GC Column ID: RTX5 CS3 Data Filename: PH7S6328.D 
CS4 Data Filename: PH7S6330.D 
CS5 Data Filename: PH7S6329.D 
CS6 Data Filename: N/A 


ION ABUNDANCE RATIO 
cso CS1 С52 CS3 С54 css CS6 


COMPOUND LAB MIZ's 
FLAG 1 FORMING 

RATIO 
Naphthalene 128,102 0.07 0.07 0.07 0.07 0.07 
Acenaphthylene 152,151 0.20 0.19 0.20 0.20 0.20 
Acenaphthene 154,153 1.15 1.14 1.15 1.15 1.14 
2-Methylfluorene 180,165 1.29 1.27 1.28 1.29 1.28 
Fluorene 166,165 1.02 1.02 1.01 0.99 1.00 
Phenanthrene 178,176 0.20 0.19 0.19 0.19 0.19 
Anthracene 178,176 0.18 0.19 0.18 0.19 0.19 
Fluoranthene 202,200 0.20 0.21 0.20 0.20 0.20 
Pyrene 202,200 0.20 0.21 0.21 0.21 0.21 
Benz[a]anthracene 228,226 0.26 0.26 0.27 0.27 0.27 
Chrysene 228,226 0.29 0.29 0.30 0.30 0.30 
Benzo[b]fluoranthene 252,253 0.24 0.23 0.22 0.22 0.22 
Benzo[j,k]fluoranthenes 252,253 0.21 0.22 0.22 0.22 0.22 
Benzo[e]pyrene 252,253 0.22 0.21 0.21 0.22 0.22 
Benzo[a]pyrene 252,253 0.21 0.22 0.21 0.22 0.22 
Perylene 252,253 0.23 0.22 0.22 0.22 0.22 
Dibenz[a,h]anthracene 278,139 0.17 0.17 0.17 0.18 0.18 
Indeno[1,2,3-cd]pyrene 276,138 0.27 0.24 0.22 0.22 0.22 
Benzo[ghi]perylene 276,138 0.23 0.23 0.23 0.24 0.24 
2-Methylnaphthalene 142,141 0.88 0.89 0.89 0.89 0.88 
1-MethyInaphthalene 142,141 0.91 0.92 0.92 0.92 0.92 
Biphenyl 154,152 0.28 0.29 0.29 0.28 0.28 
1,2-Dimethylnaphthalene 156,141 1.20 1.26 1.29 1.29 1.28 
2,6-Dimethylnaphthalene 156,141 0.69 0.69 0.69 0.69 0.69 
2,3,6-Trimethylnaphthalene 170,155 0.91 0.89 0.90 0.90 0.90 
2,3,5-Trimethylnaphthalene 170,155 0.88 0.91 0.91 0.90 0.90 
1,7-Dimethylfluorene 194,177 0.07 0.07 0.07 0.08 0.08 
Dibenzothiophene 184,152 0.09 0.09 0.08 0.08 0.08 
2/3-Methyldibenzothiophenes 198,197 0.69 0.71 0.71 0.71 0.71 
2,4-Dimethyldibenzothiophene 212,197 0.54 0.53 0.50 0.51 0.51 
3-Methylphenanthrene 192,191 
2-Methylphenanthrene 192,191 0.58 0.58 0.58 0.58 0.58 
2-Methylanthracene 192,191 0.51 0.49 0.50 0.50 0.50 
9/4-Methylphenanthrene 192,191 
1-Methylphenanthrene 192,191 0.64 0.57 0.60 0.60 0.60 
3,6-Dimethylphenanthrene 206,191 0.36 0.36 0.36 0.36 0.36 
2,6-Dimethylphenanthrene 206,191 
1,7-Dimethylphenanthrene 206,191 0.34 0.34 0.34 0.34 0.33 
1,8-Dimethylphenanthrene 206,191 
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ION ABUNDANCE RATIO 
cso с51 С52 с53 CS4 css С56 


COMPOUND LAB MIZ's 
FLAG ! FORMING 

RATIO 
1,2,6-Trimethylphenanthrene 220,205 0.59 0.61 0.61 0.61 0.61 
Retene 234,219 1.66 1.69 1.64 1.67 1.65 
3-Methylfluoranthene/Benzo[a] 216,215 1.06 1.10 1.09 1.10 1.08 
fluorene 
5/6-Methylchrysene 242 
1-Methylchrysene 242 
5,9-Dimethylchrysene 256 
7-Methylbenzo[a]pyrene 266 
1,4,6,7- 184,139 0.03 0.03 0.03 0.03 0.03 


Tetramethylnaphthalene 
(1) Where applicable, custom lab flags have been used on this report. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
processes. 


Signed: 


For Axys Internal Use Only | XSL Template: Form3C.xsl; Created: 07-Dec-2017 15:40:40; Application: XMLTransformer- 1.16.20; 
Report Filename: GENERIC-SPECS РАН LO 18-Nov-2017 PH7S  Form3C GS73447.html; Workgroup: WG61775; Design ID: 526 | 
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S.19(1) Ахү5 METHOD MLA-021 Rev 12 
Form 3D 
POLYAROMATIC HYDROCARBON INITIAL CALIBRATION ION ABUNDANCE RATIOS 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA С50 Data Filename: N/A 

V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 

Initial Calibration Date: 18-Nov-2017 CS1 Data Filename: PH7S6326.D 

Instrument ID: LR GC/MS CS2 Data Filename: PH7S6327.D 

GC Column ID: RTX5 CS3 Data Filename: PH7S6328.D 
CS4 Data Filename: PH7S6330.D 
CS5 Data Filename: PH7S6329.D 
CS6 Data Filename: N/A 


ION ABUNDANCE RATIO 
cso cs1 С52 с53 CS4 css CS6 


LABELED COMPOUND LAB М/2'5 
FLAG! FORMING 
RATIO 

Naphthalene d-8 136,134 0.09 0.09 0.09 0.09 0.09 
2-Methylnaphthalene d-10 152,151 0.17 0.17 0.17 0.17 0.17 
Вїрһепу! d-10 164 

2,6-Dimethylnaphthalene 4-12 168,150 0.75 0.75 0.75 0.75 0.75 
Acenaphthylene d-8 160,158 0.15 0.15 0.15 0.15 0.15 
Dibenzothiophene d-8 192,160 0.09 0.09 0.09 0.09 0.09 
Phenanthrene d-10 188,184 0.14 0.14 0.14 0.14 0.14 
Fluoranthene d-10 212,208 0.16 0.17 0.17 0.17 0.17 
Benzo[a]anthracene d-12 240,236 0.24 0.24 0.24 0.24 0.24 
Chrysene d-12 240,236 0.26 0.26 0.26 0.27 0.26 
Benzo[b]fluoranthene d-12 264,260 0.21 0.21 0.21 0.21 0.20 
Benzo[k]fluoranthene d-12 264,260 0.20 0.19 0.20 0.20 0.20 
Benzo[a]pyrene d-12 264,260 0.20 0.20 0.20 0.20 0.20 
Perylene d-12 264,260 0.25 0.25 0.25 0.25 0.25 
Dibenzo[a,h]anthracene 4-14 292,288 0.26 0.26 0.26 0.27 0.26 
Indeno[1,2,3-cd]pyrene d-12 288,284 0.18 0.18 0.18 0.18 0.18 
Benzo[ghi]perylene d-12 288,284 0.19 0.19 0.19 0.19 0.19 


(1) Where applicable, custom lab flags have been used on this report. 


These data are validated and reported as accurate and in accord with 565 AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
processes. 


Signed: 


For Axys Internal Use Only | XSL Template: Form3D.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer- 1.16.20; 
Report Filename: GENERIC-SPECS РАН LO 18-Nov-2017 PH7S  Form3D GS73447.html; Workgroup: WG61775; Design ID: 526 | 
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AXYS METHOD MLA-021 Rev 12 
Form 4A 
POLYAROMATIC HYDROCARBON CALIBRATION VERIFICATION 
SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Initial Calibration Date: 18-Nov-2017 VER Data Filename: PH7S6499.D 
Instrument ID: LR GC/MS Analysis Date: 28-Nov-2017 
GC Column ID: RTX5 Analysis Time: 13:13:00 
COMPOUND CAS NO. LAB mie ТОМ ION SAMPLE CONC. CONC. 
FLAG 1 CHANNELS ABUND. QC FOUND RANGE : 
RATIO LIMITS (ng/mL) (ng/mL) 
Naphthalene 91-20-3 128,102 0.07 0.06-0.08 2100 1480-2460 
Acenaphthylene 208-96-8 152,151 0.20 0.16-0.24 2110 1490-2480 
Acenaphthene 83-32-9 154,153 1.15 0.92-1.38 2130 1500-2500 
2-Methylfluorene 1430-97-3 180,165 1.27 1.02-1.52 2080 1500-2500 
Fluorene 86-73-7 166,165 0.98 0.78-1.18 2030 1470-2460 
Phenanthrene 85-01-8 178,176 0.19 0.15-0.23 2100 1490-2490 
Anthracene 120-12-7 178,176 0.19 0.15-0.23 2090 1500-2490 
Fluoranthene 206-44-0 202,200 0.20 0.16-0.24 2100 1500-2500 
Pyrene 129-00-0 202,200 0.21 0.17-0.25 2030 1480-2460 
Benz[a]anthracene 56-55-3 228,226 0.27 0.22-0.32 2030 1480-2470 
Chrysene 218-01-9 228,226 0.30 0.24-0.36 2050 1500-2500 
Benzo[b]fluoranthene 205-99-2 252,253 0.22 0.18-0.26 2010 1490-2490 
Benzo[j,k]fluoranthenes 252,253 0.21 0.17-0.25 2020 1490-2480 
Benzo[e]pyrene 192-97-2 252,253 0.22 0.18-0.26 2150 1500-2510 
Benzo[a]pyrene 50-32-8 252,253 0.22 0.18-0.26 2100 1500-2500 
Perylene 198-55-0 252,253 0.22 0.18-0.26 2130 1500-2510 
Dibenz[a,h]anthracene 53-70-3 278,139 0.17 0.11-0.23 2120 1500-2510 
Indeno[1,2,3-cd]pyrene 193-39-5 276,138 0.21 0.14-0.28 2050 1490-2480 
Benzo[ghi]perylene 191-24-2 276,138 0.22 0.14-0.30 2060 1490-2480 
2-Methylnaphthalene 91-57-6 142,141 0.89 0.71-1.07 2160 1540-2560 
1-MethyInaphthalene 90-12-0 142,141 0.92 0.74-1.10 2080 1500-2500 
Biphenyl 92-52-4 154,152 0.28 0.22-0.34 2070 1500-2500 
1,2-Dimethylnaphthalene 573-98-8 156,141 1.28 1.02-1.54 2010 1500-2510 
2,6-Dimethylnaphthalene 581-42-0 156,141 0.68 0.54-0.82 2110 1510-2520 
2,3,6-Trimethylnaphthalene 829-26-5 170,155 0.90 0.72-1.08 2100 1500-2510 
2,3,5-Trimethylnaphthalene 2245-38-7 170,155 0.90 0.72-1.08 2080 1470-2450 
1,7-Dimethylfluorene 442-66-0 194,177 0.07 0.06-0.08 2120 1500-2500 
Dibenzothiophene 132-65-0 184,152 0.08 0.06-0.10 2100 1510-2510 
2/3-Methyldibenzothiophenes 20928-02- 198,197 0.71 0.57-0.85 2190 1500-2500 
3/16587-52-3 
2,4-Dimethyldibenzothiophene 31317-18-7 212,197 0.51 0.41-0.61 2200 1500-2500 
2-Methylphenanthrene 2531-84-2 192,191 0.58 0.46-0.70 2160 1500-2500 
2-Methylanthracene 613-12-7 192,191 0.50 0.40-0.60 2140 1510-2510 
1-Methylphenanthrene 832-69-9 192,191 0.60 0.48-0.72 1790 1230-2040 
3,6-Dimethylphenanthrene 1576-67-6 206,191 0.35 0.28-0.42 2070 1500-2510 
1,7-Dimethylphenanthrene 483-87-4 206,191 0.33 0.26-0.40 1940 1500-2500 
1,2,6-Trimethylphenanthrene 30436-55-6 220,205 0.60 0.48-0.72 2100 1500-2500 
Retene 483-65-8 234,219 1.63 1.30-1.96 2200 1500-2500 
3-Methylfluoranthene/Benzo[a] 1706-01- 216,215 1.09 0.87-1.31 2010 1500-2500 
fluorene 0/238-84-6 
5/6-Methylchrysene 3697-24- 242 0 N/A 2060 1500-2500 
3/1705-85-7 
1-Methylchrysene 3351-28-8 242 0 N/A 2070 1470-2450 
5,9-Dimethylchrysene 139493-40-6 256 0 N/A 2300 1670-2780 
7-Methylbenzo[a]pyrene 63041-77-0 266 0 N/A 2230 1500-2500 
1,4,6,7-Tetramethylnaphthalene 13764-18-6 184,139 0.03 0.02-0.04 2170 1510-2520 


(1) Where applicable, custom lab flags have been used on this report. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance processes. 
Signed: 


For Axys Internal Use Only | XSL Template: Pest4A.xsl; Created: 07-Dec-2017 15:40:40; Application: XMLTransformer-1.16.20; 
Report Filename: GENERIC-SPECS РАН LO РН756499.0 Form4A SJ2308833.html; Workgroup: WG61775; Design ID: 526 | 
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s.19(1 
0 AXYS METHOD MLA-021 Rev 12 


Form 4B 
POLYAROMATIC HYDROCARBON CALIBRATION VERIFICATION 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Initial Calibration Date: 18-Nov-2017 
Instrument ID: LR GC/MS 
GC Column ID: RTX5 
LABELED COMPOUND CAS NO. LAB 
FLAG 1 
Naphthalene d-8 1146-65-2 
2-Methylnaphthalene d-10 7297-45-2 
Biphenyl d-10 1486-01-7 
2,6-DimethyInaphthalene d-12 350820-12-1 
Acenaphthylene d-8 93951-97-4 
Dibenzothiophene d-8 33262-29-2 
Phenanthrene d-10 1517-22-2 
Fluoranthene d-10 93951-69-0 
Benzo[a]anthracene d-12 1718-53-2 
Chrysene d-12 1719-03-5 
Benzo[b]fluoranthene d-12 93951-98-5 
Benzo[k]fluoranthene d-12 93952-01-3 
Benzo[a]pyrene d-12 63466-71-7 
Perylene d-12 1520-96-3 
Dibenzo[a,h]anthracene d-14 13250-98-1 
Indeno[1,2,3-cd]pyrene d-12 203578-33-0 
Benzo[ghi]perylene d-12 93951-66-7 


(1) Where applicable, custom lab flags have been used on this report. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 
processes. 


Signed: 


For Axys Internal Use Only [ XSL Template: Pest4B.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer-1.16.20; 
Report Filename: GENERIC-SPECS РАН LO PH7S6499.D Form4B SJ2308833.html; Workgroup: WG61775; Design ID: 526 | 
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VER Data Filename: 


Analysis Date: 


Analysis Time: 


m/e ION 
CHANNELS 


136,134 
152,151 
164 
168,150 
160,158 
192,160 
188,184 
212,208 
240,236 
240,236 
264,260 
264,260 
264,260 
264,260 
292,288 
288,284 
288,284 


ION 
ABUND. 
RATIO 


0.09 
0.17 
0 
0.74 
0.15 
0.09 
0.14 
0.16 
0.24 
0.26 
0.20 
0.19 
0.20 
0.25 
0.26 
0.18 
0.19 


PH7S6499.D 


28-Nov-2017 


13:13:00 


SAMPLE 
QC 
LIMITS 


0.07-0.11 
0.14-0.20 
N/A 
0.59-0.89 
0.12-0.18 
0.07-0.11 
0.11-0.17 
0.13-0.19 
0.19-0.29 
0.21-0.31 
0.16-0.24 
0.15-0.23 
0.16-0.24 
0.20-0.30 
0.17-0.35 
0.12-0.24 
0.12-0.26 


CONC. 
FOUND 
(ng/mL) 


2000 
2000 
2040 
2050 
2010 
1980 
1990 
2060 
2080 
2110 
2020 
2040 
2000 
2010 
2080 
2060 
2080 


CONC. 
RANGE 
(ng/mL) 


1500-2500 
1500-2500 
1520-2530 
1510-2520 
1500-2500 
1510-2510 
1510-2510 
1500-2510 
1500-2500 
1500-2500 
1520-2530 
1500-2510 
1500-2510 
1510-2510 
1500-2500 
1500-2500 
1500-2510 
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AXYS METHOD MLA-021 Rev 12 
Form 4A 
POLYAROMATIC HYDROCARBON CALIBRATION VERIFICATION 
SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Initial Calibration Date: 18-Nov-2017 VER Data Filename: PH7S6527.D 
Instrument ID: LR GC/MS Analysis Date: 29-Nov-2017 
GC Column ID: RTX5 Analysis Time: 11:06:00 
COMPOUND CAS NO. LAB mie ION ION SAMPLE CONC. CONC. 
FLAG 1 CHANNELS ABUND. QC FOUND RANGE 
RATIO LIMITS (ng/mL) (ng/mL) 
Naphthalene 91-20-3 128,102 0.07 0.06-0.08 2110 1480-2460 
Acenaphthylene 208-96-8 152,151 0.20 0.16-0.24 2100 1490-2480 
Acenaphthene 83-32-9 154,153 1.14 0.91-1.37 2140 1500-2500 
2-Methylfluorene 1430-97-3 180,165 1.26 1.01-1.51 2070 1500-2500 
Fluorene 86-73-7 166,165 0.99 0.79-1.19 2030 1470-2460 
Phenanthrene 85-01-8 178,176 0.19 0.15-0.23 2080 1490-2490 
Anthracene 120-12-7 178,176 0.19 0.15-0.23 2100 1500-2490 
Fluoranthene 206-44-0 202,200 0.20 0.16-0.24 2120 1500-2500 
Pyrene 129-00-0 202,200 0.21 0.17-0.25 2050 1480-2460 
Benz[a]anthracene 56-55-3 228,226 0.27 0.22-0.32 2030 1480-2470 
Chrysene 218-01-9 228,226 0.30 0.24-0.36 2060 1500-2500 
Benzo[b]fluoranthene 205-99-2 252,253 0.22 0.18-0.26 2000 1490-2490 
Benzo[j,k]fluoranthenes 252,253 0.22 0.18-0.26 2050 1490-2480 
Benzo[e]pyrene 192-97-2 252,253 0.22 0.18-0.26 2160 1500-2510 
Benzo[a]pyrene 50-32-8 252,253 0.22 0.18-0.26 2100 1500-2500 
Perylene 198-55-0 252,253 0.22 0.18-0.26 2110 1500-2510 
Dibenz[a,h]anthracene 53-70-3 278,139 0.17 0.11-0.23 2110 1500-2510 
Indeno[1,2,3-cd]pyrene 193-39-5 276,138 0.21 0.14-0.28 2040 1490-2480 
Benzo[ghi]perylene 191-24-2 276,138 0.22 0.14-0.30 2060 1490-2480 
2-Methylnaphthalene 91-57-6 142,141 0.89 0.71-1.07 2160 1540-2560 
1-Methylnaphthalene 90-12-0 142,141 0.92 0.74-1.10 2080 1500-2500 
Biphenyl 92-52-4 154,152 0.29 0.23-0.35 2080 1500-2500 
1,2-Dimethylnaphthalene 573-98-8 156,141 1.28 1.02-1.54 2020 1500-2510 
2,6-DimethyInaphthalene 581-42-0 156,141 0.68 0.54-0.82 2110 1510-2520 
2,3,6-TrimethyInaphthalene 829-26-5 170,155 0.90 0.72-1.08 2090 1500-2510 
2,3,5-Trimethylnaphthalene 2245-38-7 170,155 0.90 0.72-1.08 2090 1470-2450 
1,7-Dimethylfluorene 442-66-0 194,177 0.08 0.06-0.10 2140 1500-2500 
Dibenzothiophene 132-65-0 184,152 0.08 0.06-0.10 2120 1510-2510 
2/3-Methyldibenzothiophenes 20928-02- 198,197 0.71 0.57-0.85 2220 1500-2500 
3/16587-52-3 
2,4-Dimethyldibenzothiophene 31317-18-7 212,197 0.50 0.40-0.60 2230 1500-2500 
2-Methylphenanthrene 2531-84-2 192,191 0.58 0.46-0.70 2150 1500-2500 
2-Methylanthracene 613-12-7 192,191 0.50 0.40-0.60 2140 1510-2510 
1-Methylphenanthrene 832-69-9 192,191 0.60 0.48-0.72 1790 1230-2040 
3,6-Dimethylphenanthrene 1576-67-6 206,191 0.35 0.28-0.42 2090 1500-2510 
1,7-Dimethylphenanthrene 483-87-4 206,191 0.34 0.27-0.41 1940 1500-2500 
1,2,6-Trimethylphenanthrene 30436-55-6 220,205 0.60 0.48-0.72 2140 1500-2500 
Retene 483-65-8 234,219 1.62 1.30-1.94 2260 1500-2500 
3-Methylfluoranthene/Benzo[a] 1706-01- 216,215 1.09 0.87-1.31 2040 1500-2500 
fluorene 0/238-84-6 
5/6-Methylchrysene 3697-24- 242 0 N/A 2070 1500-2500 
3/1705-85-7 
1-Methylchrysene 3351-28-8 242 0 МА 2060 1470-2450 
5,9-О те ћу! сћгузепе 139493-40-6 256 0 МА 2300 1670-2780 
7-Methylbenzo[a]pyrene 63041-77-0 266 0 N/A 2220 1500-2500 
1,4,6,7-TetramethyInaphthalene 13764-18-6 184,139 0.03 0.02-0.04 2160 1510-2520 


(1) Where applicable, custom lab flags have been used on this report. 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance processes. 
Signed: 


For Axys Internal Use Only [ XSL Template: Pest4A.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer-1.16.20; 
Report Filename: GENERIC-SPECS РАН LO PH7S6527.D Form4A $SJ2309103.html; Workgroup: WG61775; Design ID: 526 | 
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s.19(1) 
AXYS METHOD MLA-021 Rev 12 


Form 4B 
POLYAROMATIC HYDROCARBON CALIBRATION VERIFICATION 


SGS AXYS ANALYTICAL SERVICES 


2045 MILLS RD., SIDNEY, B.C., CANADA 
V8L 5X2 TEL (250) 655-5800 FAX (250) 655-5811 


Initial Calibration Date: 18-Nov-2017 
Instrument ID: LR GC/MS 
GC Column ID: RTX5 
LABELED COMPOUND CAS NO. LAB 
FLAG ! 
Naphthalene d-8 1146-65-2 
2-Methylnaphthalene d-10 7297-45-2 
Biphenyl d-10 1486-01-7 
2,6-Dimethylnaphthalene d-12 350820-12-1 
Acenaphthylene d-8 93951-97-4 
Dibenzothiophene d-8 33262-29-2 
Phenanthrene d-10 1517-22-2 
Fluoranthene d-10 93951-69-0 
Benzo[a]anthracene 4-12 1718-53-2 
Chrysene d-12 1719-03-5 
Benzo[b]fluoranthene d-12 93951-98-5 
Benzo[k]fluoranthene d-12 93952-01-3 
Benzo[a]pyrene d-12 63466-71-7 
Perylene d-12 1520-96-3 
Dibenzo[a,h]anthracene d-14 13250-98-1 
Indeno[1,2,3-cd]pyrene d-12 203578-33-0 
Benzo[ghi]perylene d-12 93951-66-7 


(1) Where applicable, custom lab flags have been used on this report. 


VER Data Filename: 


Analysis Date: 


Analysis Time: 


m/e ION 
CHANNELS 


136,134 
152,151 
164 
168,150 
160,158 
192,160 
188,184 
212,208 
240,236 
240,236 
264,260 
264,260 
264,260 
264,260 
292,288 
288,284 
288,284 


ION 
ABUND. 
RATIO 


0.09 
0.17 
0 
0.74 
0.15 
0.09 
0.14 
0.16 
0.24 
0.26 
0.20 
0.20 
0.20 
0.25 
0.27 
0.18 
0.19 


PH7S6527.D 
29-Nov-2017 
11:06:00 
SAMPLE CONC. CONC. 
QC FOUND RANGE 
LIMITS (ng/mL) (ng/mL) 
0.07-0.11 1970 1500-2500 
0.14-0.20 1990 1500-2500 
N/A 2020 1520-2530 
0.59-0.89 2040 1510-2520 
0.12-0.18 2010 1500-2500 
0.07-0.11 1930 1510-2510 
0.11-0.17 1940 1510-2510 
0.13-0.19 2030 1500-2510 
0.19-0.29 2070 1500-2500 
0.21-0.31 2100 1500-2500 
0.16-0.24 2020 1520-2530 
0.16-0.24 2040 1500-2510 
0.16-0.24 2010 1500-2510 
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0.12-0.26 2060 1500-2510 


These data are validated and reported as accurate and in accord with SGS AXYS Analytical Services Ltd. 15017025 compliant quality assurance 


Signed: 


For Axys Internal Use Only | XSL Template: Pest4B.xsl; Created: 07-Dec-2017 15:40:40; Application: XML Transformer- 1.16.20; 
Report Filename: GENERIC-SPECS РАН LO PH7S6527.D Form4B SJ2309103.html; Workgroup: WG61775; Design ID: 526 | 


processes. 


Page 1 and 1 (WG61775 - GENERIC-SPECS РАН LO PH7S6527.D Form4B $SJ2309103.html) 


SGS axys 
Page 28 of 64 
000 


568 


6950002 обеда 
saxy 606 ^' obed LLOZ-des-9z '8E ләм £01-00V 


[|] oon] 529 ve 
ajla] | 2007 | Z00-VIW SAXY 595 
ajla] | 820-VINT _820-VIN SAXY SOS 


6691 уаз 
0/28 уаз 
529 уаз 
L00-VIN SAXY SOS 
820-VIN SAXY SO 
6691 уаз 
0428 уаз 
$29 Vd 
Z00-VIW SAXY SO 
820-VIN SAXY SO 
6691 Vd 
0428 Vd 
S29 Vd 
Z00-VIW SAXY SO 
8Z0-VIW ЗАХУ SO 
6691 Vd3 
0/28 Vd 
SZ9 Va 
L00-VIN SAXY 59 
820-VIN БАХУ S9: 
6691 Vd3 
0/28 Vd 
529 уаз 
LOO-VIW БАХУ SOS 
8Z0-VIW БАХУ SOS 
6691 vd3 
0/28 Vd 


>|>|> 
> 
» |>|> 


~ | ~ 
оо 
5| © 
МЕ 
== 


> > 
> 
> 

~ 

e 

© 

> 


© 
с 
Q 
5 
= 


820-V IN 
4007 V IW 
100-VIW 


> 


> 

> 
>|> |> |> 

> |> 


> |>|> 

> 
> |> 
> 

> |> 
~ 

о 
SIS 
" 


>» |> 


со 
сч 
Т 
5 
= 


8Z0-VIW 
100-VIW 
400-VIW 


> 
> 


> 
> 


со | ~ 
sie 
ојо 


> 
> 
> 
> 
3|5 
=|= 


> 
> 


8Z0-VIW 


> 
> 


100-VIW 


m 
a 
Q 
* 
N 


-|- 
> > 
-I-|-|- 
>|> 
~ ~ 
о о 
Ф 9 
m 


~ 
о 
о 
5 
= 


> 
> 


Sc9 Vd 
040" V IIN SAXV 59 
040" VW ЗАХУ 59 
0L0-VIW SAXV 59 


ДЕЛЕ: 
ојој~ 
21215 
js 
=|=| = 


a 
Ф 
о 
= 


ojojo 
о|о|о 
S| 9| F 
3375 
=|=|= 


a 
о 
о 
= 


ajojo 
а 
ојојо 
51313 
=|=|= 


sepionsed 90 


(ааоян-б) әчеоәророрАоошошдехәц-ешшеб 
(aa98H-q) eue»epopojoAoouio1qexeu-ejeq 
(aa2gH-e) эцеээроро|Аэошолдехэц-ецае асовн 


6S0-VIW БАХУ 595 (ann) эзеецча Âyew-ouon 
6S0-VIW $АХУ SOS (dN!IN) eereujud |Auou-osi-ouoyy 
6S0-Y IW SAXY 595 (43) ојејецуца ује-оџоуј 
6S0-VIN БАХУ SOS (dHOW) әзеүешца ИхэцоАэ-оцоиу 
650-71 И SAXY SOS (os! + и) (dgw) eyejeujud Anq-ouon 
6S0-VIW БАХУ SOS (dzgw) әзе|ешча JÂzusq-ouoy 
6S0-VIW 5АХУ S9! (анай!) әуереціца ИхэцИЦэ-г-оцой| 
6S0-V1W 5АХУ SOS (аз) srereuud (jkdoadÁxoqueo-c )-ouoN 
6S0-VIW SAXY 595 (dHOSW) eiejeujud (Ихецохо-с-Иује-2)-оџоуј 
6S0-VIN SAXV SOS (dHH3W) гзејецуца (ИхәцхолрЛц-6-Ищә-@)-оцоуу 
6S0-VIW 5АХУ 59 (vag) (v joueudsig) euedoidikueudip-z'z-xoupAuip-,p' p. Зайл pue ydg 


££0-V IN ЗАХУ SOS 838d 
чаа 


a 
Ф 
е 
> 


о| со 
орсо 
EIE 
5|3 
2|2 


££0-VIW БАХУ SOS заава 


£EO-VIN SAXV 595 38818 


кш КШ u 


GE ‘леч LOL-DOV ::Je1 el 
("ру saamas jeonAeuy SAXY Aueuuoj) 
"PY Зәо!ллә$ јеојеџу SAXY SOS 
э4оэ$ uolje}Ip2199Y 


| 820 VIN saxy SOS] 
| S29 Wa 
| 400 YW SAXv.SOS 
| sco VIN ЗАХУ 595 
| 8691 уаз] 
Г eva] 
[ses sa 
| 400 W ЅАХУ 59$ 
L_20 VIN БАХУ 595] 
| 0128 val 
|_ 10014 ЅАХУ 595 
| Sco vw SAXv 59$] 
| | wzevda 
| | 022843 
|______ уаз 
| 0/0 АХУ 595) 
| 020 VIN ЗАХУ 595 
| 00v W БАХУ 595] 
| 6soviw ЅАХУ 595] 
| 650 VIN ЗАХУ 595 


>» |> 
> > 
>|> |> 
>» |>|> |> > 
ум |р О Е Т БЫ АЕ БЫ БЫ И 


vivo 


аза eluenjAsuuag 
ноа uen 

» За чојбиузем 
SO ешблл 
HOG жод мем 
аза ^әззәг мем 
HOG еїозәишүү 
HOG ерџој4 
Hda еішоцео) 
$9а ешблл 
аза Аэзлэг мем 
HOG еїозәишу 
HOG epuol 4 
ноа әшеу 

за чобицѕем\ 
SOG еішблл 
HOQ жод мем 
аза ^әззәг мем 
HOG ејозвишуј 
HOG ерџоја 
нча е'шоује 


| ә 
elo 
ojo 
Е! 
=| = 


әјаелоа-иом ‘заем 


ПОС А TT TT TE ET О О О О ФН О О О О О О О 


'џоцешјоји! ) 10] el 
әл ue епбјпмр јиешпоод / py чоцешјоји 
0} Sseooy EU} Jepuf) рәѕеәјәм jueunooq 


шоо'јеоплјеџезлхе ммм 


0/5000, әбеа 


saxy ggg 22 abed LLOZ-dƏS-9Z "86 лем Е01-22У 


[ обули ху со 
A бегу 
A 108 ve | 
400-v1W | ______ под val eyeudins ueudinsopu3 


[ул S jov 555] 
Али] 8205714 SAXV 595) 
зум 560 аз] 
00и 1906 vas] 
L00- VIN] 809 Yaa] 1 ueudjnsopu3 
100 VIN] 200i SAXY 595) 
820514) seo $АХУ 595) 
aov] sse va] 
Low маз 
0-4) 80973] | ueudinsopuz 
20 VIN] 820 VIN SAXV 595) 
эу seor vaa] 
na 1906 vas] 
ovm] — — — sosvas| 
Z00-VIN| 2001 SAXV 895) 
BED VIN] 82014 $АХУ 595) 
aovi] 6691 va] 
DOWN] 1806 vas] 
100viw| 809 Wd} HOH-eiled 
100-viN| 400-V1W ЗАХУ 595 
8z0-viW| 820-УЛИ ЗАХУ SOS 
a 55 vai] 
L00-VIN ПН 


40070 | 200-У1ИІ БАХУ SOS 


| если аху 55$] 

smvw[- serves 

400-V'1N [ 0/28 val (euepiojy9-eudie) эцерлоцЭ-$ю 
5 
3 
5 


oln 
ajo 
EIE 
315 
>|> 


5 
= 


со | ~ 
le 
ојо 
5 
= 


>|> 
> > 
>|> 
>|> 


5 
= 


> |> 
> 
> 
со 
сч 
о 


>|>|> 
> 
> 
> 

E 

3 

z 


LOO-WIW SAXY 59 
400-v 1IN 0428 Vd 
400-VIW 629 Vd3 јеошц5еј 'еџерлој45 


[веси аху sos] 

зуу su vez 

ovm] 028 vai] 

L00- WIN] 529 vai] нон-еәя 
[ 100v WW SAXV 595 

[втуп sa sos] 

[оу 

[sea va] ночам 


L00-VIN SAXV SOS 
6691 Vd3 


punodwog 55215 риподшо2 


| 


> 
> 
> 
> 
> 


о | м 
ме 
EIE: 
313 
=|= 


со | ~ 
ЗЕ 
2919 
513 
=|= 


> 
> 
> 
> 


>|> |> 
> 

> |> | > |> 
© | № 
чо 
ојо 
МЕ 
=|= 


аза емелАвшәд 
ЗУМУ| > 
HOG auen 
+ За чозбичзем 
ѕоа ешблл 
HOG WOA мем 
аза Аэзлэг мем 
HOG eloseuulh 
HOG ерџој4 
наа ешојјед 
SOG ешблл 
аза Аэзлэг мем 
HOG гћозаишуј 
HOG ерџој4 
ноа әшеу 
за чозбичзем 
S9Q ебал 
ноа жод мем 
аза ^әзләг мем 
HOG eloseuull\ 
Hda вішодео) 
8 
Š 


S£ лом LOL-DOV 2191 el 

(РЯ $99195 jeonAjeuv SAXY Лрешиој) 
‘PrI вәо!лә$ јео јеџу бАХУ SOS 
edoos џоцеџрелооу 


-UON 'ејем 


оче од 


| ans 107 e| эр 
прәл ue епбјпмр јџиешпоод / јоу uoneuuoju| 
0} Sseooy EU} Jepuf) peseejes jueunooq 


шоэ`|евАеие$Ахе`ммм 


126000 


79 ЈО Le әбеа 


SAXY $96 


5-ю $ эбеа 


> 
> 
> |> | > 
> 
> | > 
> 
>|> 
> 


аза eluen|Asuued 


> |> 
>|>|>|>|>|>|>і|> 
> > > 

> 
>|>|>|>|>|>|>|>|- 
>|> 


> 


> 
> 


>|>|>|> 
> 
> > 
> 
> 
>|>|>|> 
> > 
>|> 


>|>|> >|>|>|> 

- > 

>|> >|>|> |> 

> 

>|> > |> 
~ 
о 
Ф 
= 


> 
> |> 
> 


> >|>|>|> 
> 
>|>|>|> 

> 
>|> 


[105-95-95 ‘8€ ле £01-00V 


5 
S 
= 


0428 Vd3 (auepsojyo-ewweb) euepioju2-sueJj 
5 


| 1v ку sos] 

[ 10v six sos] 

| 077и злу sos] 

[ сута six sos] 

Г а 

Г са som 
LOO-WIW SAXY SOS 

[mers] 


LO0-VIN БАХУ SOS 


- 8Z0-VIW 5АХУ SOS 
А 6691 Vd3 


~ 
о 
T 
3 
= 


el | ~| | о] of = | ~ 
чі чјеојорј чі чјој о 
ојојојејо| 9] 9] 2 
ШИ 
>|>|>|>|>|>!|>|> 


ЗЕ 
ojo 
EIE: 
3|5 
>|> 


TESTES 
EIETE: 
51375 
>|>|> 


ЕЕ 
ојо 
85 
515 
>|> 


w| со 
NIN 
ojo 
>|> 


~ 
о 
2 
3 
> 


0428 уаз 


[sear vds 
[ у 
Г оу 
[ жа 


LO0-WIW} 100-71И1 5. 


3 
S 
sov | seen 5ХХУ sos] 
3 
3 
3 


эиэтиэаоющоехен 


~ 
о 
© 
3 
= 


КЕ 
ЕЕ; 
5|3|3 
>|>|> 


ы 
5 
9 
S 
= 


epixode зојцоеуден 


| | ~ 
че 
2|2|9 
=|>|> 


ls 
ojo 
EIE 
515 
=|= 


аојцоеуден 


АХУ 59! 
вео мли 6691 Vd 
100-VIW 0/28 Vd 
L00-W1W: 529 vd (еџерит) HOH-ewwes, 


>|» 
> 
>» |>|> 
> |> 


» |» |>|>|> 

> > 

> 

>» |» |>|>|> 
> |> 


ноа әшеү 


. за чобицзем 
ноа ериој 4 


59а ешблл 
HOG жод мэм 
аза Аэзлэг мем 
HOG ејоѕәишу 


Наа е!шоуіеэ 


e[qejod-UON ‘18JEM 


> 
> 
> 
> 
> 

> |> 
> 

> |> 


> |> 
> 
> 


А 

А 
Po 
pe | 
Po 
а АЈ 
аак] 
А 
Po 
fe U 
Po 
PA 
А: 
=. 
А 


s9q ешбіл| 
аза Аэзлэг мем 
HOG ејозвишуј 
ноа ерџој 4 
SvNv| > 
ноа әшеүү > 
за чозбичзем] > 
вөа ебли] > 
HOG жод мә > 
аза ^әзләг мам 
ноа ејозгишуј 
ноа ерџој3] > 
Hdd еішоце2| > 


1005718 CEE 
8c0-V1W| 820-VIN 5АХУ SOS 
вео Ули 
[uv ану T 
THEIR БАКУ os 
ооуу 809 val әрАцәрүе иџриз 
5 
5 


тути] TOON SV 595] 
sov [ sov six sos] 


SE "лем LOL-DOV ‘Jeu әј 
(ру seowues jeonAjeuy SAX Анәшлоу) 
“pr $95!^1э$ jeanAjeuy SAXY SOS 
edoog иоцвирәлооу 


55215 punodwog 


'UonjeulJoJul | e ѕәоое | Jns 107 e| эр 
пџал ue эпбилр јившпоод / оу uoneuuoju| 
0} Sseooy eui лерий рәѕеәјәҹ јиешпоод 


woo јеомјеџезлхе ммм 


248000: әбес 
27 Jo ребеа 


SAXY SDS 


> 
> 
> 
> 
> 


> 
> 
> 
> 
> 


> 
> 
> 
> 
> 


> 
> 
> 
> 
> 
> 


> 
> 
> 


> 
> 
>» |>|>|>|>|> |> |> |> 


> |> > |> 
> 
» |>|>|>|> 


аза вшелАвшәд 
ноа әшеү 
. за чобицземј > 
S9Q ешблл 
HOQ WOA мем 
аза Aesiar MƏNİ 
ноа езозәишү 
HOG *Puol4| 
Наа ещоде) 
ноа ерио!4 > 


UON IeM 


9iqeiog- 


59а ебал 


аза Аэзлэг мем 


HOG гозаишу 


HOG epuol4 


> |> 
> 
> 
> 
> |> 
> 
> 


>|» 

> > 
> > 
> > 
> |> > |> 
> > 
> > 


> 
> 


- 
с 
о 
= 


wovw[- — 02а vas 
ои — — ses vas 
ov [ — зе vas 


5 
3 
= 


E 
e 
e 
5 
= 


а 
Ф 
5 
= 


5 
3 
3 
S 
S 
3 
3 
5 
S 
3 
3 
S 
S 
S 
S 
S 
S 


а 
T 
= 


LZO-VIN SAXY $9: 
LZO-VIW 0228 Vd: 
vin — — Sei wa 


NI 
о 
5 
= 


LZO-VIN БАХУ S9: 
LZO-VIN 5АХУ S9 
- LZO-VIN 5АХУ S9 


за 
|F 
" 
=|= 


ton 120 VIN ЗАХУ 595] 
| али sixv sos] 
| пали sixv sos] 
[ ev sixv sos] 
3 
3 


BEST ESTER 
81333 
SISISIS 
>|>|>|> 


а 
© 
> 


LZO-VIN БАХУ SOS 


а 
7 
5 
= 


а 
о 
< 
= 


wovw[- 00а уаз 


1102-95-92 "86 лом €01-00V 


eueuyjuesony{qjozueg 


эиэлАЧ[е]огиэя 


әиәоеіщие[ејгиәя 


a ee 
euejAujudeueo у 
eueuyydeussy 


зеџезууџеџеца је -р/6 
eueJÁd(e)ozueqiAuieW- 7. 

БЕС ТЕТТЕТЛЕСІН 
эиэзАцоИщециа-6'6 
эцэлдиецецаИЦэу\-5 
эиэлюопу(е)огиэя /энэщиелопиИцеи|-5 
эцэлциеиэца/Ищециа-9'$ 
eueigueueud|AujeW-z. 


euejeuyudeujAujeui-z 
ЕТЕЛУАТИТЕ ГЕ 
эцэзелциеИцеи-г 
зәиәцдондогиәад!рАщшәүү-є/2 


HOG гивуј 
$94 етшблл 
ноа жод мем 
аза Аазлэг мем 
HOG тозгишуј 
наа еішоцео 


EE ww DCUSNCCBEBERESERNSRAERSHRENEEGSREEEUESEEENNENHUNESSEENM 


LZO-VIN БАХУ SOS 


S 
S 
S 
5 
5 


а 
T 
= 


als 
9|8 
3|5 
>|> 


а 
© 
5 
= 


IES ES 
НЕ 
5|3|5 
=|=|= 


гест so sos] 
[този so sos] 
| 1203 АХУ 553 
[ ize so sos] 
ШЕСАЛЕЛХЕРІ 
| есут злу 595 
Г бөген 


аа 
ЗЕЗЕ 
>|>|> 


т-| о| © | г | - 
1-2 ЕЛ ЛЕЗДЕ 
9|8|5|8|8 
5|3|3|5|3 
>|>|>|>|> 


0428 Vd3 
L00-VIN SAXV SOS 
8Z0-VIW ЅАХУ SOS 


OUEN SAXY SOS] GI PON роџрејооу 


orm 
Яо 
$8 
515 
=|= 


эцэлциеиеца/Ищешию-9'2. 
euejeuyudeuj/ujeuiQ-9'z 
eueudorgozueqip/uieulq-r'z 
euejeuiudeujAujeuu |-9'e'z 
euejeujudeuj/ujeuiu | -G'c'z 
eueuuueueud|Aulew- | 
euejeuiudeulAuiew- | 
әиәсАлцәКщәүү- | 
eueagueueudjAujeuq-g' | 
eueJuueueudiAuleulQq-/ | 
eueionyiAujeullq-7 | 
euejeuyudeujujeuiene | -/'9'y' | 
euejeuyudeujAujeulQ-z | 
eueJujueueudjAujeuu | -9'2' 1 


зојцэеиом-ѕиел 


риподшој 


GE лем LOL-DOV 2191 aly 
(РИ seoues jeonAjeuy SAXY Aueuuoj) 
‘PTT $99/^л9$ [eonAjeuy SAXV SOS 
э4оэ$ uonejipajooy 


Sse|) риподшод 


шоэ`|еэцАецезАхе MMM 


$29000 


мыз v 


SAXV 


аза eiueA[KAsuuag 


$ әбеа 
Jo с әбед 


595 


ноа euEW 


LZO-VIN SAXV SOS 


ИШ) 008ү 
соли 6529) Vd3 


> 
> 
> 


> 
> 


LZO-VIW]  LZO-VIN SAXY SO 
0428 vd 
9291 vd 
LZO-VIN SAXV SO 
LZO-VIN 5АХУ SO 
0428 Vd 
529! vd 
120 V IIN SAXV S9 
LZO-VIN 5АХУ 59 
LZO-VIN SAXV SO 
LZO-VIN SAXV SO 
LZO-VIN 5АХУ S9 
LZO-VIN SAXV S9 


- 
- 
- 
- 
- 
- 


а 
© 
> 


LZO-VIN 
LZO-VIN 
LTO-VIN 


Ш 


> 
> 
> 


ЗЕЕ 
515 
=|= 


VCO"V TIN 
LZO-VIN 
голи 


[ | 
ш 
[ | 
| | 
ш 
ш 
ш 
[ | 
ш 
ш 
ш 
| | 
ЕН 
= LZO-VIN 
A 
[ | 
ш 
ш 
ш 
Ін 
ш 
ш 
| | 
ш 
ш 
ш 
[| | 


LZO-VIN 
ААА! 
голи 
LZO-VIN 
ZOIN 
голи 
LZ0-WIW 
голи 
голи 
LZO-VIW 
голи 
ZOIN 
LZO-WIW 
LZO-VIN 


& мааа а 
е еререререерее P 
151515|5|4|5|4|4|4|4|4|4 
2 =| =] =] =| =| =] =| = = 
o дип] о] о o 
> >|>|>|>|>|>|>| > > 
<|<|<|<|<|<|<|<|<|<|<|< 
Ф o|o|o|vo|o|o|vo|o Ф 
о ојојојојојојо|о о 
2| 2| ооо Alal alal 0) 91010) 0) о оү aj wj waj aj wj wj 


LZO-VIN SAXV S9 


LZO-VIN ЗАХУ S9 


LZO-VIN 5АХУ SOS 


LLOZ-des-97 ‘8$ ләм Е01-20У 


eueujueJon|4 


120-714) 120-/1И4І БАХУ SOS eueudotujozueqiq 


eueoeuque[ue]ozueqiq 
eueoeJujue[ue]zueqiq 


seueoeJujuv/seueJujueueug-po 
зоџејецудем-у0 
SeueJ/g/seueujueJon|J-t 
eueudoiujozueqiQ-r2 
seues/uu)/seueoeuujue(e)zueg-p? 
seueoeJujuv/seueJujueueud-e О 
seuejeujudeN-c5 

SeueJon|4-£5 
SsoueJÁg/seueujueJon|3-£2 
eueudotujozueqiQ-co 
seues/uo/seueoeiujue(e)zueg-co 
SeueoeJujuy/seueJujueueug-z9 
seuejeujudeN-zo 

зеџејоп|4-20 
зеџема/зоџошиејоп|4-20 
eueudorujozueqig-z» 

sykueudig-z5 

seuaiAdozueg /seueyjuesonyozueg-7D 


зоџе5/Ц5/зеџезел див (е)2џе8-20 


. За uoiBuiuseM| 


soa ешбил 


ноа жод мем 


аза Аэзлэг мәм 


ноа ејоѕәищу 


ноа ерџоја 


Наа е'шојје 5) 


әјделоа-иом ‘заем 


INS 107 


S9Q ешбид 
аза Аэзлэг мем 
HOG ејозгишуј 
HOG ерџој 4} 


e| ер 


oy uoneuuojul 


ом 


jueuunoo( 


LZO-VIN SAXV SOS 


OA A 0A 4 АА | 
= л >, 
у уш | 
"| 
б -.-.. 
parcs И чы 
= == À 
ШИЙКИ ЕРЕ А 
асаа ~ | = А 
Po 
Bee 
fe A 
| | 
Кыл ш et OA 
= х= = ПБ се 
ыу о у т V 
== NI 
Po 
кте eee ша] 
нисек AA 

А 
----- 


А 5 
[ALII еми coin sv 508 


seueoeiujuy/seueiujueueug- | 
зеџајецудем- 9 


зэие1Ад/зэиециелюп|-1-| 2 
auaydoiyjozueqiq-1D 


a са] 120 VIN] 120-У1/4 ЗАХУ SOS эйшәц®н-ү2 
А 


>|> 


За чозбичзем 
аза Аэзлэг мем 
HOG еїозәишү 
HOG epuo} | 


SeueJ/dozueg /seueujueJonjozueg- o 


seuesÁiuo/seueoeiujue(e)zueg- | 
seueuudeueoy-|2 


eueujuexony[xJozueg 


seueujuejonj[x/fjozueg 


eueyued[u5]ozueg 


риподшод 55215 риподшо2 


SE лом LOL-99V 2391 ey 


CPI seovues jeonAjeuy SAXv Аџешој) 
"РЯ $89!^1э5 JeonAjeuy бАХУ SOS 


edoos uonejipa122y 


шоо'јеоцлјеџезлхе ммм 


7190005 6e 


rvs- r 


^7 беа 2102-495-92 ‘8€ лем Е01-20У 
saxy Sog 299 

" 1eujeyueudipouoJqejdeu-9's* p''e'.z'z L8. 308 
[к жалт ==” | 
| 
ERES jeujekueudipouo;qexeu-9's*.»'p'£'z 991 388 
EEE 
Pe ЗЕ эцәйшәцдрошоврхәц, ээ 22581 308 
[ LL [солли EEE 
ЕНБЕККЕ ЕЕ | | ccovw| чая] зәціәуиәцаїрошоаехәц-9'.5','7'.2'2 95 309 
p АНЕ AT EEE 
ee = At nav ИЕ 
Б == [ — eov нен sixv sos] 
Se ыс. Ent nav Е 
pore у = сели|_______пзгуаз ИЕ 
ос = == = =} [оул ML SAxv SOS 
| а аас ££O-VIN vLOL Yd зэщейиецарошол!р-'$ €L 308 


££0-V IN БАХУ $9: 


с 
bd 
Ф 
= 


А £EO-VIN 9 Vd 18ujeykueudipouoqejued-s' 'v' €'€ 92, 308 
= ЕТУИ] ЕЕ УЛИ SAXY SO 
с уу НН БАШ! магма зашећиецарошокур- у zi 308 


££O-VIN 5АХУ SO 
PLIL vd 

££0-V IN БАХУ S9: 
vLOL Wd: 

££O-VIN SAXV S9 
7191 Yda 


| 
о 
ө 
9 
= 


jeujeykueudipouoiqejued-9' ,р'у €'z 611 ЗАЯ 


| 
о 
© 
9 
= 


19ujejkueudipouioJqejued-9'S'p'e'z 91; ЗАЯ 


ојо e 

8181818 

SISISIS 

== = 
ШИ! 


| 


о 
ө 
е 
5 
= 


Jeuje{ueudipouioiqip-€'€ LL 308 


Е. [оу RENE 
ба эх» СЫНЫН СОЛИ ЕЕ зәцәйшәцйрошолдеиәй-,у'у',є'є'@ S0} 309 
— RM сочтя EN SES 
|--______- А НЕН ££O- V IW 1eeyueudipouioiqejued-9' p'p'2'Z 001 38 


| 


0/28 vd 
529! vd 


LZO-VIN SAXV S9: 
0228 Уа 
529! vd еџејопј4 


> 
> 
> 
> 
> 


eueuAd[po-e'z* | Jouepuj 


- 
- 


| mw ____ мој | РЈ | | ИН 


7191 Vd3 
££0-V IW SAXY SOS 
| | [ Уаз] зефеКиоцфрошојар-9'2 0) 308 
pope Cor О | 120518 55ХУ 595 
ли AREE [sear va ouaa 
Re aA ar nai [saan va ouonnueuoug 
pee | iz sav 505 
[ave 
А АА À À [| | seva euejeujudeN 
А n | пали 5АХУ 595 
Г ауаз 
[ яма 
RETENUE 
[ones va 
[ see va 


А А À А А 
m m т 

5 2 = 5 3 5 5 = 5 2 3 $ = 2 = 5 = 5 5 Е 5 > риподшодј 55215 риподшод 
2 D 8 25 << 8 а 5 5 са à 8 == собо Ёё © 
= oa 5 2855 8. бо о оа 5 S&B 3 
5 06918505 385 8 93837 85 Зв 
3. rs О ok о о 2 т 5 о о # о 

[7] 9 I 5 [7] от a о I + 
о "2895 = а © R 559 = 
т т Une pec эт 


S£ лом LOL-OOV :ј91 Əy 

CP зазиме jeonsjeuy SAXY Аџешој) 
‘PTT зәо!ллә$ jeonAjeuy SAXV SOS 
edoos uolje}Ip21991 


чом әдел 


aiqeiod- 


'џоцешоји | e S2992,] Jns 101 e| ep 
прәл ue епбјпмр јџиешпоод / rov uoneuuoju| 
0} Sseooy eui Jepuf) рәѕеәјәҹ jueunooq 


шоо јео јеџезлахе MMM 


8/8000 abed 
КРИЈЕ ;^]o / әбеа 


SAXV SDS 


аза eiueAAsuuoq 
HOG auen 

. За чојбицзем 
$9а eub] 
ноа жод мем 
аза Аэзлэг мем 
HOG еоѕәищу 
ноа ерио|4 

Наа еішоце2) 


-UON 'ејем 


elgelod 


'џоцешјоји | e $э59е 


пуэл ue епбјпмр јџешпоод 


ој Sseooy EU] Јәрип pes 


/1 
ee 


SOG е!шбл/\ 
аза fesief мем 
HOG ®їозәишү{ 
HOG ерџоја 


oy uoneuuojJul 
әм jueunooq 


INS 107 e| эр 


zoom | 028 va 
RENE 
[sea vas 
[s vas 
ALENEN 
E 
ALENEN 
| сету Sev 595] 


~ 
о 
© 
3 
z 


or 


ч 
EIE: 
3|5 
>|> 


~ 
© 
© 
5 
= 


о 
5 
5 
= 


ajajajaja 
о oO] ор о| о 
оееее|Ф 
m 
=|=2|=|=| = 


о 
© 
ер 
9 
= 


2 
ра 
3 
= 


сорсо 
орсо 
| | 
44 
>|> 


ә 
о 
9 
5 
> 


о 
ра 
9 
= 


9| 9|9|9)| сорсо 
оо] о| ој сој e 
91818181515 
n 
=|=|=|=|=| = 


££0-V1IN SAXV SOS 


o 
b] 
€ 
3 
= 


££O-VIN SAXV SOS 


o 
e 
е 
3 
= 


о 
oO 
€ 
3 
z 


191 Уаз 


с 
e 
о 
5 
= 


££O-VIN SAXV 59 


с 
о 
о 
3 
= 


79) уаз 


o 
о 
ә 
5 
= 


£EO-VIN ЗАХУ SOS 


о 
о 
® 
= 


££O-VIN 5АХУ SO: 


2 
ра 
5% 
5 
= 


9 Vd 


о 
ра 
Q 
= 


а 
5 
3 
S 
3 
££0-V IN БАХУ SOS 
££0-V IN SAXV SOS 

S 

3 

5 

3 

S 


e| Еу! 
e| со 
| | 
375 
=|= 


EIE 
=|= 


коюум] ушу 
5 
3 


oo 
elo 
elo 


e| Еу! 
e| о 
| | 
3|5 
=|> 


о 
о 
Q 
3 
= 


e e 
e e 
| " 
3135 
= = 


emo 
бе] Ev] 
EIE: 
515 
2|2 


о 
o 
Q 
= 


ЕЕ0-У1ИІ SAXV 59 
719 Vd 


olo 
со | со 
әјә 
55 
>|> 


1102-95-92 "86 лем 501-999 


122 109030 82d 
сре идо, 101201 89а 


9101 10/9017 494 


seuje{ueuydipowoiqu-t'€"z €£-308 


1eujeueudipouioJqeldeu-9' S* 776,22 581-398 


Jayja|Auaydipowogejuad-s' р'7',2'2 66 308 


1eujejkueudipououqejued- 's'c'.z'z sg ЗАЯ 


1eujeykueudipouiouqip-, pz 8 Зая 


jeujekueudipouioJqe91- v» £'£ 21 308 


1eujeueudipouioiqejj91-9' p p'Z $2 Зая 


1eujeikueudipouoJqip-p'z 7 зая 


1eujekueudipouioiqeajer- pv £'Z 99 ЗАЯ 


jeuje|kueudipouoJqeujer- S'r'.Z'z 67 308 


зофјеИиоцфрошојделој-р'р',2'2 Lb JOG 


JayjeAueydipowoiquy-,p'p'¢ 22 308 


JayjeAueydipowosquy-p'.¢'€ se Зая 


эәшәйиәцйрошоздщ-9'ф'2 0€ ЗОЯ 


зоцјеКиоцарошојаш- р''2 82 308 


зацјеиоца рошола -р',2'2 sz 309 


зэщеИиечрошолдеэед 602 3а8 


зәшәМиәцйрошоудецои-,9'9',6'6'ф'.Е'Є`.ё'ё 902 388 


зофекиоцфтрошојаецоц-,9'9' 57,2 22 102 308 


зәцуә/иәцатрошоздеиои-9',6'5',ӯ'р','Е',2'2 902 308 


JeujekueudipouoJqeldeu-o'c* v'p' £'€'z 06} 308 


ОЮМУ ccoviwsaxvsos| 22 | 


ОШӘЙ SAXY SOS} CI POUISN реџрејооу 


EREEL CE Be ERR eR RR eee RRA ARR RR REAR 
8 
5 
= 


риподшој 


GE лем LOL-DOV : 491 elu 
(РИ зәо!лә$ 1eonAjeuy SAXv Анәшлоу) 
'pr1 $99!^1э$ [eonApeuy бАХУ SOS 
edo2s uonejipajo2y 


$10|20JVy 82d 


Sse|) рипобшо2 


шоэ`|еэцАецезАхе ммм 


9/6000 


t9 10 9$ әбед 


saxy 606 ^? әбес 1102-995-92 "86 лем £01-00V 


А А А 0LO-VIN| 010-У1ИІ 5АХУ SƏS 
[= == == [Г юм 
А А А А А А А А OLO-VIW 8991 Vd Ииәцйдооц>вшәд-979%,22 #01 82d 


OLO-VIW 
1007V TN 


0LO-V TIN 5АХУ S9: 
0/28 Vd: 


- 
> 
> 


2 о 
© ~ 
© N 
- © 
< < 
a а 
шјшјојшјш 


А А А А А А А А OLO-VIW Ииәцйдооцовшәд-9,6%272 $01 89d 
А А А А А А А А ово ли 8991 Vd3 Wueudiqoioju»eiueqr-9's'v'.Z'Z 20: Od 


400-V1W|  200-VIN SAXY 59: 
100-VIW 
OLO-VIN 
OLO-VIW 899) Vd Wueudiqoiojuoejueg-S'S'v',Z'Z LOL 804 
OLOYIN 
100-VIW 
OLO-VINI 
OLO-VIW 


68/06/10 894 


о 
~ 
N 
eo 
< 
а. 
шо 


> 

> 
> 
о 
5 
5 
2 
5 
Ф 
о 
Ф 


А А А А 


> 


> 
> 
> 


ха 
> 
> 
Е S 
5 5 
5 5 
= 5 
о olL 
БЕЕ 
N 
со 
[^] o 
FEES ES 
V| ui wi oj u 


8991 vd Ииәцфдоюцовшмәд-9 ғ ғ,22 00: 82d 


> 
> 


е 
> |> |> 
> 
>|» |> |> 


АСА А, ЖЖ. ПАТАТ. ТАТУ] OLO-VIN 8991 Vd3 /иәца!д02014210-9'2 01 89d 
А Е ЕЕ АН ФОЛИ] 010-У1И4 ЗАХУ SOS 
22-22-2222 [own] бача 
ШЧ; А А À А А ЖАП 8991 Уаз] Kueudiqoio[u5-z | 824 зјеџебиоз #24 
Гол у= == лл [щул EE 
а DOWN] oroin 5АХУ SOS 
[з =т= 7 [noon] wzsvas| 
ШЕНЕ Au ГАЛА ШЕШЕСІ) M1" 
DIET OE зонт тезі a se va өд, юром во 
[ez a тті [ сум уе огр юзо во 
| оол]. 100: IW БАХУ 595 
En ИР En sen val дуг) юром god 
[л == DO VIN] HO VIN sav 595 
ee ed ovn] oze vaa] 
А ТАЛ R] ЕНЕРІ) “Sea va 
[A AL A E] А — — S99 vas дуг юром 804 
a Т тд ZO0-VIN| _200 Vin 5АХУ 595) 
ПАБЕ == == ЕЯ ooi [ oro SAXW 595) 
22. ee ee ту novym МИСТЕР 
ENDE MEMO ТЕП [ оу — — $99 vas] сег) юоом воч 
у у TOVN] 2002 IN SAXW SOS ч 
А n DO VIN] DO WW ЗАХУ 595 
Н = S Е 5 5 5 = 5 2 = 5 Е 5 = 5 2 5 5 = 5 g ошеу ЗАХУ 595] Ql Pouiew perpeoov рипоашоо 552/2 punodwod 
35 esse 2 & § Bs 8 В і:%%:%Е5 
i$ 880238 95 ag 6 8 8¢3235 83 
Е = 5 @ 9 * of 9 8 * of rs 9 g < of 9 
о я 2592 т по в тю © т 
т . 9 9 v 
Ф c 
2 5 S£ "лом 101-20У 2391 ӘШ 
ЕЈ CPI зәзіліәс јеојеџу SAXY Арэш.о}) 
5 'pr1 $99195 1еовМец\у SAXW SOS 
$ edoog иоцеирәлоэу 


'џоцешјоји | e ѕәоое | INS 107 e| эр 
прәл ue әпбіллір зиешпоод / јоу uoneuuoju| шоочеоцб|ешев хе: mmm 
0} Sseooy әш лэрий рәѕеәјәҹ 1ueunooq 


2190005 збед 
низ T 27 јо 6 әбеа 


SAXY SDS 


аза eluea|Asuued 
ноа әшеү 

ноа едозвишуи 
Наа вішоцео) 
s9q ешблл| 

аза Аэзлэг мем 
HOQ еоѕәищу 
ноа ериој4 


-UON "едем 


aiqeiod 


'џоцешлоји | e ѕәоое | UNS 107 e| эр 
прәл ue епбјпмр јџиешпоод / јоу uoneuuoju| 
0} Sseooy EU} Јәрип peseejes јигшпоод 


| 


ХАУА Хе А; А. ГА А А А. А АСА А АА А 
oe ERU ЕЕ ЕЕ n A AKA AR ЕАС А 
А À A А А À À А [А од; A ЗА ЗА ЗА. АС А. „А А 
A A А А А] 
а ео 
ее == 


HOG тозеишуј 


Наа еішоце2) 


LL0Z-des-9Z "86 лем £01-00V 


сиг) 99а 


OLVIN] OLOYIN SAXY 595 
| | oon] 8991 Уча WueudiqoioluoIQ-t'€ ZL 808 


[M on Waal 

| поли] ______ 899: vas Кчәцадолоцәешәд-9',р'р',Е'2 6: 894 

a) 30v W sav 595] 

| | оюу 7 в99уа3) Ииәцйаоюцовшәд-с pv .£'Z 8LL 89d 
оюлы) 899! Yda] Кизцдаојојцоеђига-9'5' #22 LLL 808 
019314) ФО VIN SAV 509 
OLO-VIN] 8994 Уаз] Kueudiqo:ojuoejueq-9'S v'£ 7 911 808 


БАП отсут Sax 595] 
ЖАП олоти 5 595 
Г о 


Коца дојојцовцига-9 7 v'€'Z SLL 808 


jojojo 
8|5|5]5 
3|3|3|3 
2|2|2|2 


OLO-VIN] 8991 vai] KWueudiqoiojuoejueq-S',v'p'£'Z Р 804 
оюлуу 8991 val Ицэцааоюцовиэс-9'.5'.5'5'2 ELL 804 
РС XVe 
ИШЕ ТАП 8991 vai] KWueudiqoioju2ejueq-9's' £'€'z ZLL 808 
movw| СЕ ООО ЗЕ 
| oovw| 8991 va3| Ииэчачолюцвиэ-,5'5'.5'6'2 LLL god 
| — сути TALENTS 
ою“) 8991 уез) |Кчәцйдолоцәеиәд-9',р',Е'Е'ё OLL 808 
ЕНЕСІ АТ оюулу $АХУ 555 
жун ave 
оюулу 8991 vaa] HuaydiqosoWoiQ-£'€ LL 89d 
DO VIA] oie VIN SAKY 595) 
OLO- VIN] 8991 Уаз] Киәцадолоцәеиәд-9'р',Е'Е'@ 601 804 
оюуі) 8991 vaa] Ичәца!долоцәезиәв-,5`р',Е`Е`ё 80) 808 
оюу “200514 SAXY 595) 
ИШЕ ТАП 8991 vas] Wueudiqoiojuoejueq-s'.y' 62672 101 808 
OLO-VINT _______ 899: Уаз] Mueydigosomoeued-s'#'€"e"z 901 804 
100 VIN] 200 W SAV 595 
оом обули sav 595 
оюлуу 8991 Wad Кчәцчадолоцәешә-,р`ф',Є'Є'@ SOL 804 


о 


$5219 рипобшо2 


ү =665 


S£ лем LOL-OOV 2391 ој 

(‘pr seowues jeonjeuy SAXv Aueuuoj) 
ГР зеоиме5 [eonA[euy SAXv SOS 
edoogs uonejipej22y 


шоо јео јеџезлхе ммм 


89000... обеда 


FUI. vu 


$АХУ sys Jo OL әбеа 
A 100-viW| 100-У1/4 sAxv SOS 
[юум отха 
АА А А | оюу] orovin saxy SOS 


0228 Ма 
8991 Yda 
| 200v1W| 0228 уаз 
0L0-VIW SAXY 595 

8991 Vd3 


4200 Ули 0228 Vd3 


~ 
о 
о 
5 
> 


о 
E 
5 
> 
о ~ 
= о 
5| |8 
3| |3 
= = 
ВЕ 
[^] o 
o о 
o o ul 


o 
5 
5 
= 


> 
> 
> 
> 
> 
> 


ЕКІ БИНТ BEEHRRREENPDREHHREEEBEESEHBENBESSZHEESESZUERHESBSEERH 
8 
3 
= 


© 
5 
5 
= 


о 
5 
5 
= 


OLO-WIW 8991 Vd3 


5 
= 
Ф 
5 
o 
о 
[7] 


ojn 
=| о 
EIE: 
315 
>|> 
~ 
8 


о 

5 

5 

о о 

5 5 

5 5 

> > 

o o 

5 5 

Ф ao 

о о 
шіш[ о N (2) N 


~ 
б 
9 
3 
= 


0428 Vd3 


А А А А А А А OLO-VIW 8991 Vd3 
А А А А OLOYIN) | OLO V TIIN 5АХУ 59: 
А А А А А А А А OLO-VIW 8991 vd3 


~ 
© 
т 
5 
> 


L00-WIW SAXV SOS 


> 
> 
>» |> 
> 
> 
> 
> 


ксл о = 001и ШЕКТЕ 
ром sor ves 
= = у ES ТОЛҒАП TON SAXW SOS 
<a eh БИШЕК ЧИШӘ Drown] опали ЗАХУ 59 


0228 Vd 
8991 Vd 


OLO-VIW| O10-VIW 5АХУ SOS 


~ 
o 
© 
3 
z 


x 
5 
= 
> 
" 
5 
> 
E 
5 
= 


> 
> 
> 
> 
> 
> 
о 
с 
Ф 
< 
а. 
ш 


> 
>» |>|> 

> 

> 


> 


L00-VIN SAXV SOS 


| oiv six 505 
Г wave 
Conf — ses ve] 
отот sos 
[save 
[s vas 


> 
> 
> 
> |> 
e 
е 
3 
= 


0228 vd 

8991 Vd3 
OLO-V IN SAXV SO 

0/28 Vda 


А А А А А А А 


> 
> 
> 
> 


о 
E 
3 
z 


M 
S 
Ф 
3 
= 


> > |> > |> > > |>|> 
> > |> >| > > >|>|> 
> > > |> > 


А А А А À À À А ИШЕ ДАЛ 8991 Vda 

А А А А OLOYIN] OLVIN SAXY SOS 

[o TON] O oze van 
A A AJA A А А OLO-VIN] oroviw sAxv 696) 
ЕЕ м жж 
[poo (eee XX Ue ХАТ БЕСТЕ? 
[X 4 ЕТ X X [X | бум ул Sixv 565 
BE бзазесеоачерас изинен om] огуз 
[кх с [кл ла X _] (АП [ — — er ve 
А Y oro [ Gro SN SOS 


оце SAXW SOS] QI POUISNW perpedoov 


aeq 
SVNV| > 

aeq 
SvNV| > 


аоа 
ноа эщеи] > 


нодерџојај > | | - [> | > 


ноа suey 
HOG еїозәишү 
Наа е'шоује 
sod ешблл 
аза fesief мәм 
HOG еїозәишү 
HOG ерџоја 
за чо)бицзем)| > 
590 е'шблл| > 
HOG WOA мемј > 
аза Аэзлэг мә > 
ноа еїозәишүү 
Наа е!шоуеэ 


= 
o 
5 
= 


ewo == УВО В НЫ БИН TT 


= 
@ 
Ф 
= 
© 


e|qejod-uoN ‘лаем 


'џоцешјоји | e 58202 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 


о} Sseooy EU} лэрий peseejes јџиешпоод 


LLOZ-des-97 '8£ лем £01-00V 


ерте) 808 


Кџеца дојојузехен-9'5',2'2'.2'2 өсі god 


мача дојојцоехен- 5'9 2'2 22 CEL 803 


89L/ZEL 89а 


AueuydigoiojyoexeH-,9#'c'€"2'2 ZEL 89d 


сте, 89а 


Wueudiqojo|u»exeH-9*v'.£'£';Z'Z LEL 803 


(иәцйдооцовхән-6%%66%22 081 89d 


Ииәцйдооцо-у6 €L 82d 


KueudiqoojuoexeH-s'v'.£'£';Z'Z 621 808 


KKueudiqoJo|uoexeH-.p'v'£'€'Z'z 821 808 


Mueudigosojyoequeg-s's'p c'e 121 808 


Миәцйдолоцәезиәд-С',у'р',Е'Є 921 808 


Kueudiqoiojuoejued-9' S',p'.£'z SZL 808 


Vueudiqoio|uoejued-s'G';p'.£'z Ра; 808 


Киәцйдолоццоенәд-,5',ў'ў',Е'@ EZL 808 


Киәцйдолоцәрнәд-,5',у',Є'Є'@ ZZL 808 


Ицецачоло|цовие‹-9',5'у'.5'2 LZL Od 


Ииәцйаоюцовшәд-5:5%,62 021 894 
punodwog 55210 punodwod 


SE лом LOL-OOV 7491 Əy 


(ру зәзіліәб jeonsjeuy SAXY Аџешој) 
‘PTT ѕәоуләѕ jeonAjeuy SAXv SOS 
edoos џоцеџрелоо у 


шоэ`|еэвАеиезАхе ммм 


629000 


SAXY SDS 


с әбеа 
2710 LL әбеа 


>|> 


S9Q е'ибалј > 


прал ue әпбүплїр јшәшпоо 


0} 


аза емелИзииас] > 


се 


PII 


ЧУМУ] > 


HOG әшеу 
. за чојбицзејмј > 
HOG жод man] > 
аза ^әззәг men] > 
HOG ejoseuulh| 
ноа ерио!3| > | > | > 
наа еішоце2) 


eiqeiog-uoN “әуелі 


f 


9) 
"Ф 
Q 


'џоцешоји | e « 


Q 


699\7 Əy} јери pes 


/ 
e 


o 
© 


аза Аэзлэг мәм 
HOG еїозәишу 
ноа ерџоја 


| ns 107 e| эр 
joy uoneuuolJu| 
ајен јџешпоод 


HOG ејоѕәишу 


нча е'шојјед 


4102-де5-92 "86 ^ed £01L-00V 


010-УЛИ SAXY SOS 


3 
3 


Киәца!дозојцоехән-9',5','Е',2'2 6v. 808 


© 
5 
4 
> 


© 
5 
5 
= 


~ 
о 
© 
5 
= 


Г ом 
[— serves] 
[ jov sn sos] 
| oiv sev sos] 
oiv | — — serves 


31375 
=|=|= 


Кџецаф дојојцзехен-,9'5 Р'Е ёё 8Р1 804 


ajojo 
o|-i- 
ојојо 


KueudiqouojuoexeH-9'S',y'€';Z'Z 17, 804 


E 
Q 
5 
= 


- 
© 
Ф 
5 
= 


ом 

JE 
ІІ 

>|> 


Vueudiqoioju2exeH- S'S'.p'£'z'z 9PL 809 


5 
5 
L00-VIW 0228 уаз 
OLOYIN 899) Vd3 
S 
S 


о 
= 
о 
= 


WueudiqoJo|uoexeH- 9'9'p'£';Z'z SPL 808 


~ 
© 
9 
5 
= 


Г I9 Sixv 595 
own 51 va 
[соул sixv sos 
movin eoor vaa] 
a зә 
5 

3 


СЕНЕ 994 


o 
5 
5 
> 


Ииәца!доюццәехән-9',5'ф'Е',ё'@ УР 808 


о 
5 
5 
= 


WueudiqoJo|u2exeH-9'S'p'€';Z'Z ері 808 


© 
5 
3 
z 


KWueudiqoJojuoexeH-9'S'p'£'Z'Z 27! 804 


e 
Q 
5 
= 


Own] буаз 
row] — — eser ves 
zov O ozawa] 
оюун ПОЕТ 
RENE 
Own] vas ven] 
шоу] — — we ves] 
OLESEA 
mov eorva] 
VAT ava 
» 5 

3 


WueudiqoJo|uoexeH-S's'p'e';Z'z Lv. 808 


e 
o 
3 
z 


VkueudiqoiouoexeH- 9 Р'Р'Е 22 Op. gOd 


o 
5 
5 
= 


Aueudiqoio|yoig-S'€ pL gOd 


e 
5 
3 
z 


Kueudiqouoju2exeH-9'.'v'€';Z'Z 651 gSOd 


~ 
© 
е 
5 
= 


400 


v9L/€91/8£| 99а 


о| Ба 
"Ро 
EIE! 
375 
=|= 


[тули sixv sos 
mov serves) 
| ооули АХУ 505 
ЕХ — зөв, va 
RENTE 
[ ore злу sos] 


Kueudiqoioju»exeH-S' Ре 22 851 80d 


мој м 
о|=| о 
21219 
ШІ 
>|>|> 


WueudiqoiojuoexeH-S* p'v'€'Z'Z LEL 808 


soin 
ој-јо 
2|5|9 
SISIS 
>|>|> 


oov 859: ve 


OIN SAXW SƏSİ AI POUISN реџрејооу 


Ичәца!долоцәехән-,9'9',Е'Е',ё'@ 9EL 808 


E 
o 
3 
= 


о 
= 
о 
3 
= 


Киәца!дозојцоехән-,9'5','Е'.2'2 SEL 804 


SE лем LOL-DOW :je1 el 

("р saamas jeonApeuy SAXY Хџошјој) 
‘PI SSIMSS |еэвМецу бАХУ SOS 
edoog иоцвирәлооу 


55215 риподшо2 


шоо'јеоцАјеџезлхе ммм 


089000; әбес 


5АХУ SDS 


0} 


< 


> 


27102) әбеа 


аза ешелИзииаз 
HOG auen 

+ за чојбицзем) 
S9Q ешблл 

HOQ жод мем 
аза ^әззәг мәм 
HOG еїозәишү 
HOG ерџоја 

наа ешоце2) 


e|qe)og-uoN чејемј 


ѕәооү eui лэрий pe 


SOG е!шбл/\ 
аза Аэзлэг мем 
HOG в}о5эци 
HOG ерџоја 


/ 
еэ!эч јиешпоод 


ноа эмещ 


за чојбицзем 


ѕоа ебли] 


HOQ жод мем 


аза ^әзләг мем 


HOG гћозвишуј 


ноа ерџоја 
нча еішоцео) 


OLO-VIN SAXV SOS 


ОКАП ШИШИШИ va 
A ENS 595] 
ESES 


L00-VIN SAXV SO 
OLO-VIN 5АХУ SOS 
0428 Vd3 
8991 Vd 
106-V1N 5АХУ S9 
L00-WIW SAXY S9 
OLO-WIW SAXY $9 
0428 Vd 
8991 Vd 
OLO-WIW 5АХУ S9 
0428 Vd 
8991 Vd 
OLOYIN SAXY 59 
0428 Vd 
8991 уча 
106-V'IIN SAXV SOS 
100-УЛИ SAXV SOS 
0LO-V TIN БАХУ SOS 
0/28 уаз 
8991 Vd3 
OLO-VIN БАХУ SOS 
0/28 Vd 
8991 Уаз 
£400! V IN SAXV SOS 
0L0-V1N SAXY SOS 
0428 УЗ 
8991 Vd3 
OL0-VIW БАХУ SOS 
0428 Vd3 


OLO-VIW 


olrislolr ~ 
5|2|2|5|2 e 
| | " | " 
SISISISISISIS 
2|2|2|2|2 > 


ојој~|јојо|јм~ 
|е оі еі = с 
SEE 
ШІ 
>|>|>|>|>|> 


ЗРЕР 
125-154 Е-2 
8|$|5]5 
" 
>|>|>|> 


ыо 
E 
EIE! 
375 
=|= 


ојо 
25 
ili 
=|= 


RIOIN 
254 Е-2 
ојајо 
3|3|3 
>|>|> 


ојој~|јо 
clelol= 
БЕ 
>|>|>|> 


~ 
S 
g 
5 
= 


2102-4ә5-92 "86 лем £0L-0OV 


VueudiqoJo|uoexeH-9'S'p'.£'€'z 091 808 


2/9) 808 


(Auaydiqosojyou 1-Є',2'2 91 89d 


Киецафаолојцоехен-,9'9'7'2'2'2 691 809 


091/851 89а 


Wueudiqoio|uoexeH-9',p'v'.£'e'z 891 80d 


Kueudiqoio|uoexeH- S'.'p'£'e'z LSL 804 


WueudiqoJojuoexeH-s'.p' p'£'€'z 951 gOd 


Kueudiqoio|u2exeH- 9'9'.'p'iz'z SSL 808 


KkueudiqoiojuoexoH-,9'G',p'p'.Z'z #61 gOd 


Аиәцйдоюоц>овхән-5 6 Р'Р 2 2 ESL 80а 


Киәцйдооццовхән-,9197676,2:2 291 808 


WueudiqoojuoexeH-9' S'S'£';Z'z LSL 808 


HueudigosojyoexeH-,9'9'p'€"2'z OSL 808 


Hueudigoioluaig-t'+ SL 804 


SE лом LOL-OOV :191 Əy 


CPT $99193 jeonsjeuy SAXv Aueuuoj) 
'Pr1seowues [eonAjeuy SAXY SOS 


edoos uonejyipaiooy 


55212 punodwog 


шоо'јеоцАјеџезлхе MMM 


1850004 обед 
3710 51 әбеа 


SAXY SDS 


1102-д95-92 "86 ЛӘМ Е01-20У 


808 
| ои SAKY Sos] 
|_______ 999: vd3| KueudiqoiojuoeideH-9'*v'.£ € ;Z'z PLL 808 
[бУЛ sv sos] 
[ 8991 vas] меча дојојцовуден-9'9'7 26,272 ELL 808 


261121, 82d 


KueudiqoojuoedeH-S'S*'£'€'.z'z 211 808 
[ 20v sixv sos] 
[vw _______огав лав) 
| OL ли] 8991 Уаз меча аозојцовуден-9 "v" £'£'Z'Z LLL 808 
[ iov sov sos] 


KueudiqoxojuoeideH-S' "v'£'€'z'z OLL 89d 
| госу 5АхУ 505) 

Enfer vas] fuoudiaoionour чу 22 11 804 
Corn sv 995 
[vase] 

| оюмм| 8991 va] Wueudiqoio|uoexeH- S'S'.p'v'€'€ 691 829 


KueudiqoiojuoexeH-9' 5 99,672 891 804 


Киәца!долоцоехән-,5°с',р'р',Е'@ 29, 804 


[хл AA | оомин 9i Sj SOS 
А 


VWueudiqoiojuoexoH-9'S'.v'v'c'z 991 804 


Кџецадолојцоехен-9',5'5' £'€'z 591 828 
Кџочааојојцоехен-9',5'Р',Е'2'2 99) 808 


Ичәца!долоцәехән-9'6',ў',Е'Є'@ 59} 808 


Ичәца!долюцәехән-,5°6',ў',Е'Є'2 291 808 
А 
[44 А) 
Ea => == == 
Ииәцйдою(цовхән-9%67%6:62 19) 89d 


55215 риподшо2 


аза емелИзциэа 
ноа auen 

+ За чабичзем| 
s9q ешбіл| 
HOQ жод мем 
аза ^әзләг мем 
HOG еїозәишүү 
HOG ерџој4 
наа ешоце2 
590 Buba 
аза Аэзлэг мем 
HOG езоѕәишу 
ноа ерџој4 


GE "лем LOL-DOV 2191 aly 
(РИ seowues jeonAjeuy SAXv Аџешој) 
‘pr seowues jeonAjeuv бАХУ SOS 
э4оэ$ uolje}Ip2199Y 


9|qejoq-uoN 'ејем 


'џоцешјоји | e 58002 | Jns 101 e| ep 
прәл ue епбјпмр јџиешпоод / 19v џоцешоји 


шоо јеоплјеџезлхе MMM 
О} SS999\/ Əy} Jepuf) рэзеэеч јџешпоод 


289000 obe 
uU A 5-ю р ебед 


SAXV 996 


аза eiueA/Asuueg| 
ноа euleW 

. за чозбицзем| 
s9q е!шблл 
HOG жод мәм 
аза Аэзлэг мәм 
HOG езоѕәищу 
HOG ерџој 4) 
наа е'шоујјеб 
S9Q ешблл 
аза fesief мем 
HOG еїозәишү 
ноа epuol4 


ејдејод-иом ‘задел! 


'џоцешјоји | e 58202 | Jns 101 e| эр 


прәл ue епбјпмр јиешпоод / y чопешоји| 
ој Sseooy eui Jepuf) pesesjey јизшпоод 


HOG auen 


за чојбицвем 


S9Q е!шблл 


HOQ жод мем 


аза Аэзлэг мем 


HOG ejoseuuIW 


ноа ерио|4 


Наа еішоце> 


OLO-VIN ЗАХУ 595 
8991 Vd 
OLO-VIN 5АХУ SO 
0/28 уаз 
8991 Vd 
L00-VIN ЗАХУ 595 
O10-WIW SAXY 59! 
0228 Vd 
8991 vd 
- OLO-VIN 5АХУ SO 
100-V1N 0428 Vd 
OLO-VIN 8991 Vda 
100-V1W SAXY 59: 
OLO-VIN SAXV SO 
0728 Vda 
8991 Vd 
OL0-WIW 5АХУ 595 
8991 vd 
OLO-VIN 5АХУ S9 
8991 Vd3 
L06-WIW 5АХУ SO 
100-V1W 5АХУ SO 
010-WIW 5АХУ SO 
100-V1N 0/28 Vd 
OLVIN 8991 Vd 
- 100-V1W ЅАХУ SO 
OLOYIN 5АХУ SO 
0/28 маз 
8991 vd3 
200-WIW 5АХУ SO 
ОКО ЛИ SAXY 595 
200-W1W 0228 vd 
OLO-VIN 8991 Vd3 
L00-VIN SAXY 595 
OLO-VIN 5АХУ SO 
0/28 vd 
8991 vd 
2007 ЗАХУ S9 
0L0-V1W 5АХУ S9 
0128 vd 
8991 Vd 
100-V1W 5АХУ SO 
OLO-VIN 5АХУ S9 
L00-VIN 0228 vd 
OLO-VIN 8991 Vd 
100-V1W ЅАХУ SO 
010-WIW 5АХУ SO 
100-v1N 0/28 Vd 
OLO-VIN 8991 Vd 
100-V1W 5АХУ 595 
95| GI Pouiew реџурелооу 


5 
= 


~ 
о 
© 
3 
= 


© 
5 
3 
z 


100-VIW 
OLO-VIN 


о 
5 
5 
= 


~ 
о 
© 
3 
= 


о 
5 
5 
= 


о 
5 
5 
= 


УНЕ 
3] S/S 
>|>|> 


~ 
о 
© 


e 
5 
hi 
= 


400-VIW 


~ 
о 
Y 
= 


о 
5 
4 
> 


ojn 
ejo 
EIE 
313 
=|= 


oja 
О 
оо 
575 
=|= 


ojn 
clo 
EIE: 
МЕ 
2|2 


~ 
о 
© 
| 
> 


© 
5 
5 
= 


| > 


~ 
о 
© 
5 
> 


OUEN ЗАХУ 


o 


1105-95-95 "86 ^ed €01-00V 


KueudiqoiojuoeideH-9'.S'S' 2 Z'Z /8 80d 


Vueudiqoiojuoeider- 9'9's'p'€'.z'z 981 808 


Vueudiqoiojuoeidep-9's's'r'€'.z'z 581 808 


Кмечааојојчовуден-,9' 9 Р'РЕ 22 #81 808 


меча аојојцзејдон-9',5' Р'РЕ 22 ЕВ 808 


Кмеца аојојцовудон-,9'5 Р'РЕ 22 281 89d 


Кчәца!долоцое1дән-9'5',р'ў'Є',2'2@ 181 824 


Wueudiqoioju»eideH-.S'G*.p'p'£';z'z 081 804 


Кчәцчадозоцэн ү-с',2'2 81 808 


Кмецафаојојцовуден-,9'9'5',2'2'.2'2 6/1 808 


Кмецафаојојцовуден-9',5'9',2'2'.2'2 8/1 808 


KueudiqoiojuoeldeH-,9' S'p'£'€'.Z'Z 1/1 808 


ueudiqoiojuoeldeH- 9'9'v'.£'€'z'z 911 803 


Wueudiqoioju»eldeH-9' Sv" £'€'z'z SLL Эа 


punoduio? 


GE лом LOL-99V 2321 elu 


(гр заоммеб jeonA[euy SAXY ÁAueuuoj) 


"РУ seonues jeonAeuy бАХУ SOS 
әйоэс uonejipa122y 


55215 punodwog 


woo 'jeolyAjeueshxe MMM 


£89000, әбеа 
БЕТІ: 7) 27106) әбеа 


SAXY SDS 


OLO-WIW 5АХУ SOS 
0/28 Vd 
8991 Vd3 


~ 
© 
9 
5 
= 


OLO-VIN 5АХУ 59 
0428 УЭ 
8991 Vd3 


2007 
OLO-VINW 


~ о 
5 E 
5 5 
5 5 
= = 
#| || 
4 5 
= = 
| БЕ 
a N 
o o 
[7] (22 2 ш 


о 
5 
5 
= 
о 
5 
3 
= 
5 
[^] 
[9] 
(2) 


200-W1W 
OLO-VIW 


0228 Уаз 
8991 Vd 
LO0-VIN 5АХУ SOS 


~ 
о 
2 
|} 
о 
RE 
сі 
© 
< 
a 
ш ш 


200 ли 


OLO"V TIN 8991 Vd3 


о 
5 
5 
= 
о 
5 
5 
= 
o 
5 
a 
o 
[72] 


~ ~ 
о о 
о © 
5 3 
= = 
2 о 
> > 
5 < 
a Ф 
o o 
ui| o|o|o[|u oo 


OLO-WIW SAXV 59 
0428 va 
8991 Vd 

LO6-VIN 5АХУ S9: 


100-VIW 
OLO-VIW 
LO6-VIW 


~ oja 
о zie 
o EE 
ШІ 
= =|= 


о 
5 
5 
= 


OLO-VIN 5АХУ S9: 
0228 vd 
8991 Vd3 


LLOZ-des-97 ‘8$ лем Е01-22У 


WueudiqoJoju»e120-.9'.S'S p'.£'€'.Z'2 661 808 


WueudtiqoJo|ue120-9'.S'S'v'.£'£'Z'Z 861 89d 


WKueudiqo10|u2e120-.9'9'. p v'.£'€'.Z' 161 808 


505/961 808 


Vueudiqo10|u2e120-.9'S'.'v'.£'€';z'z 961 804 


Kueudiqouoju2e120-9'S''p'.£ 6,2256) 808 


Kueudiqo10]u2e120-.S'S' РРА 2 2 PEL 808 


аза емелИзииеа 
ноа әшеү 

+ За чобицзем 
S9Q ебал 
ноа жод мәм 
аза ^әззәг мәм 
HOG гћозвишуј 
ноа ерџоја 

Наа е'шоујед 


ајдејод-џом едем) 


'џођешоји | e 58202 | Jns 101 e| ep 
прәл ue епбјпмр јџиешпоод / y чоцецло 
0} Sseooy әці зәри рәѕеәјәм јиешпоод 


ноа auen 


за чобицѕем\ 


S9Q е'шбл/\ 


HOQ жод мем 


аза ^әзләг мәм 


HOG е\озәишү 


ноа ерџоја 
Наа ешоцео) 


| 
o 
№ 5 
= 


100-УЛИ SAXV SOS 

OLO-VIN SAXV S9: 
0428 Vd: 
8991 vd 


= 
5 
3 
= 


о 


5 
3 
= 
o 
> 
4 
a 
о 
Ф 


8991 Уаз 
OLO-VIN 5АХУ S9 

0428 уаз 

8991 Yda 


~ 
о 
© 
> 
5 
a 
о 
DID 


0 


5 
3 
z 
5 
Фф 
0 
o 


8991 vd 


~ 
о 
о 
= 
els 
=|о 
els 


5 

= 

EIE 
515 
шо 
EE 
ain 
29 


0/28 уаз 
899: vd 
L00-VIW 5АХУ 59 


~ 
Ss 
Q 
5 
= 


200-V1W 
OLO-WIW 


0428 vd3 
8991 Vd 


о 
5 
3 
z 


o 
5 
3 
= 


400-VIW 
OLO-VIW 


0428 Vd 
8991 Vd 


о о 
5 5 
5 5 
> > 
a o 
НЕЕ 
a [2] 
о о 
uj uj] eju ФФ] ui 


fs 
о 
© 
5 
= 
~ 
о 
© 
5 
= 
o 
5 
ao 
о 
[7] 


,  400-V1N 0228 уаз 


5 
eo 
5 
> 
an 
о 
< 
N 
3 
o 


оче SAXV SOS] Gl Poule реџрелооу 


KKueudiqoJo[u2e1deH-9' S'S'.p'£'€'z 661 Id 


Wueudiqoiojuoe1deH-9' S'S'v' £'€'z 261 808 


kueudiqoJojuoeideH-9' S.P P^ £'€'Z 16: 808 


WueudiqoiojuoeldeH-9'G* p'p'.£'€'z 061 804 


Кџечфаојојч2и 1-9',2'7 6; 808 


WueudiqoJojuoeldeH-S S';p'v' £'€'z 681 809 


Kueudiqoio[uoeideH- 9'9'S',p'€' zz 881 804 


281/281 494 


punodwoT 


SE лом LOL-99V :391 Əy 


(‘pr зәзіліәб 1eonAjeuy SAXY Аџешој) 


рї] заоимеб |EOMAIEUY SAXV SOS 
edoos иоцеџрәгооу 


55212 риподшо2 


шоо јеомјеџезлхе MMM 


789000} әбеа 
«лум 27109) әбед 1102-46-92 "86 лом Е01-20У 


ЅАХУ SDS 


VEIEZ 808 


OLO-NCTIN 


3 
z 
2 
< 
a 
[o] 
N 


о 
о 


8991 уаз Кчәцадолоцоц | -6'2'2 €Z 808 


| 
= 
E 
5 
= 
9 
< 
a 
2 


200-VIW 
OLO-VIW|  0LO-V IN 5АХУ 595 
0228 Уаз 
8991 Vd3 Auaydiqosojyou L-.p'£'z ZZ 803 


OLO-VIW 

8991 Vd Wueudiqo1oju2u |-р'2'2 LZ 804 
100-V1W SAXW SOS 
OL0-WIW SAXY 595 

0/28 Vd3 

8991 уаз Kueudiqo1oju2e2eg 602 8904 


200 мл 
OLO-VIN 


== 58 
3|5|5|5 
=|=|=|= 

| 5 

= 

5 

a 

[o 

N 


BE 
S/S 
=|= 


OLO-VIN SAXY SOS 

0/28 уаз 

8991 Уаз Wkueudiqo1o|u2euoN-.9'9' S'S'v'.£'£'.Z'Z 802 808 
100-V1W SAXY 59: 
OLO-WIW SAXY S9: 

0228 уаз 

8991 Vd Wueudiqojo|uoeuoN-.9'9's',p"v'.£'€';Z'z 102 808 
100-viW|  200-VIN SAXY S9: 
OLO-vIW| OL0-v1W 5АХУ 595 
0228 Vd: 
8991 Vd: WueudiqoJojuoeuoN-9',S'G*.p"v'.£'£';z'z 902 808 
200-WIW| 2007 SAXY S9: 
OLO-WIW] O0L0-vV1W SAXY 59: 

0/28 Vd 

8991 уаз Кмеча долојцое100-9',9'5 РРА Е 2 502 808 
010-УЛИ! SAXY SOS 

0/28 уаз 

8991 уаз Kueudiqouo[u2e120-.9'9'G*.p'v'€'.Z'Z У0ё 808 
OLO-viW| OLOYIN 5АХУ 595 
8991 уаз Wueudiqoao|u2e120-9*,S'S*.p'v'€';Z'Z 202 808 
OLO-VIW| 010-У1ИІ 5АХУ 595 
0/28 уаз 
8991 Уаз Wueudiqoio[u2e120-,9'9','S',£ £'.Z'Z 202 804 
20074] 200-У1ИІ SAXY SOS 
OLO-VINT 010-v1W 5АХУ 595 

0/28 Vd 

8991 Уаз WkueudiqoJo[uoe120-.9'9'.S p'.£'£'Z'z 102 804 
OL0-WIW SAXY SOS 

0428 уаз 

8991 Vd3 WueudiqoJo|uoe120-,9'9'S'v'£'€';z'z 002 808 
OLO-VINT 0L0-v1W 5АХУ 595 
8991 Vd VWueudiqoioju2u1-.£'€'z 02 89d 
OLO-WIW] OLOYIN SAXY 59: 
0/28 Vd 
8991 vd Kueudiqoiolu5-c 2 803 


еуін пуйуу — — — — — LLL] 


оце SAXY SOS] ai poule papay punodwog 55215 риподшо2 


400-71/4 
OLO-VIN 


~ 
© 
© 
4 
= 
5 
a 
о 
Ф 


оч 

ЗЕ 
ІІ 

=|= 


400-V71N 
OLO-V TIN 


ом 
sie 
EE 
n 
>|> 


ој~ 
г|о 
EIE 
515 
>|> 


ojn 
rico 
EIE: 
МЕ 
>|> 


OLO-VINW 


400-71/4 


ом © о 
о = = 
3191/9] 81518 
SISISISISIS 
=|= = = 


ом 
54 ЕСІ 
EIE: 
=|= 


OLO-VIN 


ом 
-|29 
EIE: 
" 
=|= 


~ о 
о = 
SEE 
= = 


о 
5 
5 
= 


аза емелИзциаа 
ноа ULN, 

„ За чобичзем 
S9Q ешблл 

HOG WOA мем 
аза Аэзлэг мем 
HOG гозвишуј 
HOQ ерџоја 

наа е'шоује 5 


S£ "лем LOL-DOV 2191 elu 
C pri зәз!лә$ jeonApeuy SAXY Aueuuoj) 
"рул Seales jeonAjeuy ЅАХҮ SOS 
adoos џиоцеџрелооу 


-UON ‘лаем! 


әда 


'џоцешоји | e 59202 | INS 101 e| ep 
0] 55900 у әш Јәрир рәѕеәјәм јиешпоод 


989000, обеда 


saxy $9$ ^^ әбед 1102-495-92 "86 ләм 601-22У 


Кмечадолојц2ц L-S'v'€ 82 god 


Кчәца!долоцәи L-.p'v'£ LE 808 


OLO-VIN| OLO-VIN $АХУ SOS 
4007V 1IN 0428 Vd 


Auaydiqoiojyou-s'e'€ 9€ 808 


WueudiqoJoiuou1-t'.£'€ SE god 


OLO-VIW 
Ицэцаолюцэы1-.5'.5' ve 89d 


12/05/68 89d 


Киәцчадолоцәц | - 7,22 ЕС 808 


Auaydiqosojyou | -9',p'2 ZE 82а 


Uueydiqosojyou |-S*,'Z LE 804 


Кчәцадолоцәц | -9'p'z 06 49d 


Ииэцааолочо-р $ 89d 


Kueudiqoi1ojuou L-G''Z 67 808 


Кчәцадолоцәц |-,р'ф'2 82 808 
Киоца аојојцои |-9',2'2 22 80d 
OLO-VIN 


Кчәца!долоцән ]-6`,Є'2 92 804 


Киәцадолоццән | -y'.£'Z SZ 8083 


42/%2 89d 


ово ли 8991 Vd3 Wueudiqoiouou | -9'2'2 #2 808 


MN B 


GE лом LOL-OOV 23919) 

(РИ seowues jeonfjeuy SAXY Лрешој) 
рї] зәо!лә$ jeonAjeuy SAXV SOS 
edoos иоцеирәлооу 


ноа әшеү 
сода ешбил| > 
HOG WOA мэм > 
Наа еішоце2) 
ноа еїозәишү 
Наа е'шоује 5) 


. За чојбицземј > 
HOG тозаџиу 


аза ешелИзииез] > 
аза fesief мэм] > 


9|qejod-uoN ‘18Jem| 


'џоцешоји | e $9996 Jns 101 e| ep 


прәл ue епбјпмр јџиешпоод / Py uoneuuoju| 
0} Sseooy әці Jepuf) рәѕеәјәҹ jueunooq 


шоо'јеоплјеџезлхе ммм 


988000, обеда 


"2 v 


saxy ggg 1° 8: өбесі 1102-д95-92 


8€ лом Е01-202У 


(ЖАП) 8991 Vd3 иәца!дозојцоедә 1-.9'v'.Z'Z LS 808 
OLOVIW| OLOYIN SAXY 595 


0228 vd 

8991 vd Кчәцддолоцәедә |-9"р',2'2 06 808 
OLO-WIW 5АХУ 59 

8991 Vd Kkueudiqoio|upiQ-e'z 5 803 


100-УТИ ЅАХУ SOS 
200 ли ЄР/6Ӯ God 


Кчәца!долоцэедә 1 -. p',Z'z 67 GOd 


ojs 
513 
5 
= 


ово ли 


| 
= 
| 


© 
5 
3 
z 


~ 
o 
о 
5 
= 


о 
2 
Ф 
= 
о 
5 
= 
ЗЕР 
© ~ 
EE 
= с 
[^] 
SCIE 
w| oj w| oju 


o 
e 
€ 
3 
= 


о 
5 
3 
= 


OLO-WIW 5АХУ S9! 
8991 Vd Mueudigoiojyoens 1-6'ф',2'2 87 808 


кро 
ole 
olo 
515 
=| = 
~ 
© 
© 


4007 1N 0/28 үсіз ову" BOd 
OLO-WIW 8991 Vd3 Hueudigoiojyoene1-,p'#",7"7 27 804 


L00-WIW SAXY 59 


5 
= 
о 
5 
Е 


~ 
S 
T 
5 
= 


е 
5 
S 
= 


~ 
© 
9 
5 
> 3 


0228 Vd 

8991 Vd Hueudigoiojyoens1-9'€",7"2 97 Id 
LO0-WIW 5АХУ S9: 
OLO-WIW ЅАХУ S9 

0428 Vd 
OLO-V TIN 8991 Vd Киәцйдоюоцовдә1-9 6,272 Sp 808 
400"VIW| | Z00"V'IIWW SAXY SO 
OLO-WIW 5АХУ SOS 


zov ME AE 


8991 үсіз Кчәца!дозоцәрдә | -.S'£';Z'Z vv 804 


o 
e 
9 
5 
> 


RIO 
о| = 
EIE! 
3|3 
>|> 


i= 

S 

© 

| 

= 
о 
5 
5 
= 
5 
Ф 
о 

2|ш|ш|0|0|ш|ш|0|Ф 


о 
5 
3 
= 


Киәцйдооцовдә1-6 6,22 ер 808 


OLO-VIW| OLOYIN БАХУ SOS 


8991 Vd Биәцйдоюцовдә1-е 6,272 ср 804 
100-У1И4 $АХУ SOS 
100-УЛИІ 0428 Vd3 89/v9/LL/Lv 99d 
OLO-VIN 5АХУ S9: 

8991 vd иәца!доојцоедә 1 -ӯ'є',2'2 Lt 804 
L00"V TIN ЅАХУ 59 
OLOYIN 5АХУ S9: 

0/28 Vd 

8991 Vd3 WueudiqoJoju2eJle 1-.£'€';Z'z OF gOd 

0428 Vd ои 82. 
OLO-VIN 5АХУ 59 

8991 Vd Ииәц!90101ц210-,2'2 # 808 
OLO-WIW 5АХУ 59 


OLO-VIN 


~ 
o 
о 
| 
= 


OLO-VIN 


о 
5 
5 
= 


~ 
о 
© 
3 
z 


o 
5 
5 
> 


© 
5 
3 
z 


o 
5 
5 
= 


~ 
о 
5 
> 
о 
~ 
N 
© 
& 
ij] uj] co] uj] o w uj] ce] oui o ш 


8991 Vd Киәцадолоццон |-6',ўу'є 6€ 804 
риподшо> 55215 риподшо2 


HOG auen 
HOG жод мам] > 
аза Аэзлэг man} > 
HOG еоѕәищу 
ноа ерџој3ј > 
наа ешојје о) 
S9Q BuIA] 
аза fesief мем 
HOG гозвишуј 
ноа ерџојз 
HOG гћозаишуј 
нча еї!шодще2 


S£ лем LOL-DOV :3е1 ә 
("РУ seovues јеомјеџу SAX Лџешој) 
‘pT Зәо!лә$ jeonA[euy бАХУ SOS 
әйоэс иоцеирәлооу 


e|qejog-uoN едем 


'џоцешлоји | e 58202 JNS 107 e| ep 


прәл ue епбјпмр јџиешпоод / y uoneuuoju| ios eon RUSSE 
0} Sseooy әці Jepuf) рәѕеәјәҹ jueunooq 


185000; әбес 


saxy ggg ^9 әбесі 1102-4ә5-92 ‘88 лем £01-00V 


OLO-WIW 5АХУ SOS 


Киәца!аоојцоедә | -S'p'.£'Z 19 gOd 


| | | оми] 0/28 Yda 08/99 804 
ALA] | OLO-VIN] OLOYIN 5АХУ SOS 


OLO-VIN 8991 Vda Аиәца!дозојцоедә  -.p'v'.£'Z 99 804 


OLO-VIN| = OLO-V TW SAXY SO 

OLO-V TIN 8991 Vd: Kueuydiqosojyoene | -9'S'£'z 69 92а 
OLO-VIWN| OLOYIN SAXY SO 

OLO-VIW 8991 vd Mueudigoiojyoene | -9',p'£'Z v9 Od 
OLO-VIN| OLO-VIN SAXY SƏS 

200-WIW 0428 vd 


ш 
ш 
|_| 
ш 
ш 
L| 
m 
| | OLO-VIW 8991 vd Wueudiqoio|u2ene |-6';p'£'z 69 808 
ш 
м 
m 
a 
L| 
ш 
ш 


400-V 1W 0/28 Vd3 59/29 99а 
OLO-VIN|  OLO-VIN SAXY 59 
OLO-V IN 
OLO-VIW 
OLO-VIW 
OLO-VIW 
OLO-V IN 


[2] 


8991 Vd Киәцадолоцәрдә | -9'v'£'z 29 804 
OLO-VIN 5АХУ S9 

8991 vd Kueudiqoio|u2ene |-S'p'€'z 19 803 
OLO-VIN SAXY SOS 

8991 Vd: Kueydiqoiojyoen | -,v'p'£€'Z 09 808 


[| 


Кигцафаоојцок 2 2 9 808 


Mueudigoiojyoene | -9'.£'£'z 65 804 


> 


> 
> |> 
> 
> 
> 
> 
> 
> |> |> |> 
> 
> 
E 


OLO-VIWI OLOVIW SAXY SOS 


200-VIN 0/28 Vd 

OLO-VIN 899) Vda Коча дозојцзела | -5',2'2'2 8S 804 
010-УЛИ] OLOYIN SAXY SOS 

200МЛИ 0228 Vda 

OLO-VIN 8991 Уча |Киәцй!долоцәедә | -5',2'2'2 25 804 
Z00-VIW|  200-VIN 5АХУ 59 
200-УЛИІ 0/28 Vda 
OLO-viW|  OLO-VIN 5АХУ SOS 
OLO-VIW 8991 Vd. Wueudiqo10|u2e318 | -,p' £'£'z 95 804 
OLO-viN| OLOYIN SAXY SƏS 

200-WIW 0/28 Vda 

OLO-VIW 8991 Yda Киәцйдооц>вдә1- £'£'z 55 808 
OLO-VINT OLOYIN SAXY 595 

200-W1W 0/28 Vda 

OLO-VIN 8991 Vda Киецадозојцоела | -,9'9',2'2 ус Od 
OLO-v1W| OLOYIN 5АХУ 595 

200-VIN 0228 vd 

OLO-VIN 8991 Vda Ицэцааолюцоеде1-,9'6*.2'2 65 808 


Z00-VIW| 100-У1И4 ЗАХУ 595 
| | | 200v| 0428 Vd3 24725 80d 


АП | OLO-VAW| OLOYIN БАХУ 595 


> > 
> 
> 
> > |> 
> 


09/95 89а 


> |> 

> |> 

> 

> > 

> 

> 

> 

> | > 
> 


>|> 
> 
> |> 
> 
> 
> 
> 
-|- > > > |> > 
>|> > > -|- > 
> > > 
> > > |> >|> 
> > > 
> > > 
> > > 
> > >» |> > 
> > > > 


ІКиәца!аозојцоедә | -5'5',2'2 ZS 808 


нодерџојај > | > | > 


punodwoT 55212 punodwog 


аза elueasuusdg 
ЧУМУ > 
ноа әшеу 
« за чобицзем 
S9Q eusa] 
HOG жод мем 
аза ^әѕзәг мем 
HOG гозвишуј 
наа eiuoyire?) 
soa ебал 
аза fesief мем 
ноа еоѕәищу 
ноа ерџоја 
аумуј > 
ноа auen 
за чојбицѕелд 
ѕоа ебал 
HOQ жод мем 
аза ^әзләг мем 
HOG ejoseuulW 
HOG ерџо!4| > | > | > 
наа еішоце2 
vivoj > 


GE ‘APY LOL-DOW 23919) 

(гр saamas jeonsjeuy SAXY Аџешшој) 
'pr1 Зәо!ллә$ jeonAjeuv SAXY 595 
edoogs иоцеџрәлоэу 


эеоз-иом едем 


jul] e ѕәоое | JNS 107 e| ep 


прәл ue епбјпмр јџиешпоод / y uoneuuoju| uoo jeonAjeues Axe: MMM 


889000; обеа 
saxy ggg | 07 Ed LLOZ-des-9z "ВЕ ләм co1-00V 


010-Ү1ИІ 5АХУ 595 

0/28 уа 

8991 Vd Wueudiqouoju»ejueq-t'.£'£'.Z'z 28 808 
OLO-WIW SAXY S9: 

0/28 Wd: 

8991 Vd Киәцддолоцәедә -6'.ӯ'ӯ'е 18 Id 
OLO-WIW SAXY 59! 

8991 Vd Кмеца долојцое ле | -.S'S'.£'€ 08 92а 


L00-WIW SAXY 59 
0428 Vd: 


0 


5 
3 
= 
5 
Ф 
о 
Ф 


8991 Vd: Kueudiqoio[u2IQ-,p'Z 8 82d 


[orev] Sion sov 59 


0428 Vd: 
8991 Vd: Киәцадолоүцәедә ] -S v". £'€ 62 894 


о 
5 
5 
= 
ЗЕ 
915 
o 
&18 
шо 


ш 


8991 Vd 
200-WIW SAXY S9 
OLO-VIN SAXY 59 

0/28 Vd: 

8991 Vd3 Киәцадолоцәедә L-.vv'.£'€ // 82d 
OLOYIN SAXY 59 

8991 Vd Кчәца!долоцәрдә |-,5',ў',Є'2 92 89d 


OLO-VIN] OLOYIN SAXY 59: 


OLO-VIW 8991 Уаз Киәца!долоцәрдә | -9',ӯ'ӯ'2 SL 808 


LO0-VIN SAXY S9: 
0728 уаз 19/72 82d 


8991 Уаз Ичәцадолоцәедә | -s'p'p'Z v 808 
| _ ОЮ-УІИД oro-viw saxy 505 
ИШЕ ТАП 8991 Vd Кџеца аојојцзеде | -9',5',2'2 21 824 
| 0/Ю0-У1И| oron saxy 59: 
[ — 100 028 чаз 


OLO-VIIW 8991 Yda Киәца\долоцәрдә | -S'S'.£'z 24 803 


Киәца!долоцәедә |-с'ф',є'Є 82 994 


| тои лоу 595) 
| 010 АХУ 599 
[casa 
RENE 
[ уз 
| огои SAK 505 
[ zv SAW ses] 

OLO-VIN 5АХУ 595 
[sr vas) 
| отот sv sos] 


о 
5 
5 
= 
o 
5 
Ф 
о 
Ф 


8991 Vd Киәцча!долоцәрдә | -9*,p'.£'z LZ 99d 


0/28 Уаз 94/04 82d 


8991 Уаз Киәца\долоцәедә | -S*;g'.£'Z 04 89d 
0/28 Уаз 6/4 89d 


e| |= 
= о 
о о 
3| [5 
> > 
о| lo 
ANE 
2|<|Ф 
о o 
o| ujoja 


ueudiqoio|uig-t'z / 808 


% 


Auaydiqosojyoesje | -9'р',2'2 69 828 


> |> 
> 
> 
>» |>|> 
> 


S9Q е'шбл/ > 


меча аојојузела | > 5'7',2'2 89 804 
риподшој 55215 риподшој 


аза е!иеліќѕиџәај 
SVNV| > |> |> 
HOG eurew| 
+ За uoifuruseM| > 
HOQ жод мәм > 
аза Аэзлэг мәр > 
HOG ејозгишу 
ноа ерио!4| > | > | > 
наа е'шоује о 
SOG е'шбл/ 
аза Аэзлэг мем 
HOG еїозәишүү 
HOG ернџоја 
HOG ећозвишуј 
нодерџ 4] > | > | > 
нча е'шоује 5 


GE ^ed LOL-DOV 21819 
(РИ saamas jeonfjeuy SAXv Aueuuoj) 
'Pr1 зәз!лә$ јеоијеџу бАХУ SOS 
edo2s иоцеџрәлооу 


e|qejog-uoN “әуел 


‘UONEUIOJUI | e S8992 | JNS IO] e| эр 
пџел ue епбјпмр jueuJnoo(] / 139v Uone WOU] ШООЧЕОЦДЕЧввАхЕ ммм 
О} SS999\7 Əy} Jepuf) pesesj|es јџешпоод 


685000, обе 


FUI. ~ 


saxy 506 25 әбесі 1102-45-92 ‘8E лем £01-00V 


А А 100-v1W| 200-v1W SAxv SOS 
ЕЕ м о 98/15 воа 
^_^ А А А А À А А А | ____ поли] 8991 vas] Hueuydiqoioupequeg-s't'e"z'7 16 808 
[pp oo ee поти — — oer уаз Kuoudlgosouaeived 9597.27 96 80d 
eee rl 200 [ 205 SAK 595 
т === == Ge ери c — 1 ____-___-___-___- пива 
[AACS AAA AAA [| ом fusudqoioeund ну 6 2256 804 
Ade RAE 47773 CR 010 УТ Saxy 595] 
К с р и л a ME LE 
a à ЕАН! осуи туза Kuoudgorourewed- 9 22 6804 
хл хх А АЈА] | mom поула зАху S98 
hehe [АЖ ААТА ХА esor vaal йшәцдцолоцоешәа-е 6:22 t6 804 
[rx oe [AA хх | поми поула sev sos 
[XA Ad А А А А А А | ом ves fuoudgoiaupemad 55 6.72 Z6 89d 
aan A БЕБЕТА oio | DOI SAW SDS 
ЖИ НЕ) oro esor va Husudaoionoemecr9 у :272 16 80d 
[AACS ACA SP SP SE || ом 87. fuougoionpemeds “6 22 06 804 
хл [хол лол ЕН =) Kuoudaoronoa's' 6 воа 
EXE ЧЕН хх И Се ооу sixv sos 

А А А А А А А А [| оюун| 8991 vas] Kueydigoiomoeued-9'#'c"2'7 68 808 


121/88 Od 


> > 
> > 
> 


А 400-VIN 0428 Vd3 
fm ense soe 
рум mov 873v S95] 


- 
- 


Kueudiqoioju2ejueg-9'p'£'.z'z 88 808 


9LV/911/28 89d 


А А 

БАЛ ___________ ПА АСК АЛА Ас А А Киәцйдолоцәешәа-,5°Ф'Е`,ё'@ 28 808 

[ACA [лл О ҮЛ | оми or SIV BOS 
А 


Киәц”аоюцовшәд-6 6,22 98 804 


051/58 89d 


а А EU р | осми поти sixv sos 
ра [EL оюум CINE 


Aueuydigoioquoejued-t't'e"2'z 68 804 


р-н муз 


[px — — [aX | ом esr ves Ишоцбаоюноемеееө:25 22 98 804 
Г ирон 


801/58 89d 


> 
> 
> 
> 


нодернојај > | > 


Кчәцадолоццоеиә-6',Є'Є',ё'@ 58 804 
punodwo9 


| 


55275 риподшој 


аоај> 


ноа әшеу 

HOG жод мам > 
ноа еоѕәџџшу 
нча еішоцео) 
ѕоа ешбил| 
ноа еро 

ноа әшей/ > 

за чобичзем| > 

ѕоа ебли] > 

HOG зод мам > 
наа еішоцео) 


аза fesief мәр > 

аза Аэзлэг мем 
ноа ејозгишуј 

аза Аэзлэг мәм > 
HOG eloseuulW 


anssi| 


S£ лем LOL-OOV 2391 aly 
("РА sadas jeonAjeuy SAX Аџешлој) 

"РЯ seoiues jeonA[euy SAXV 595 
э4оэ$ uolje}IP21991 


e|qejod-uoN ‘18e M| 


'џоцешлоји | e S999 S 107 e| эр 
jeuuoJu| 
0} Sseooy эц} Jepuf() рәѕеәјәм зиэшиэоа 


шоо'јеоплјеџезлхе ммм 


0650006 әбес 


$АХУ sys Jo zz әбед 


»|»|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>-|>|>|>|>|> [>| >| >> | >| >| > >| >| > >| >>> | > 


| 


>» |>|»|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>-|>|> |>|>-|>|>|>|>|>|> |» |> |> |>|> |» |> | >| >| > |> 


> > > > 
> > 
> > 
> 
> 


> 
>» |> 


» |» |>|>|>|>|>|> |>|>|>|>|>|>|>|> |>|> |> |>|>|> |> |> |> |> |> |> |> p> |> |> > |> |> |> |> |> |> |> 


> > 
> 

> 
> 


> 
> 
> 
> 


>|> 
>|> 


аза еиеліќѕиџәај > 
ноа әшеүү 

+ за чобицзем| > 

SOG ешблл > 

HOG жод мем) > 

аза Аэзлэг men] > 
HOG е1озэаци 

нодерио | > | > 


‘чоцециоие 
прәл ue епбјпмр jueuino 


Наа е'шојјеб 


e|qejog-uoN 'ејем 


с 
ә 
О 


D RE [ оля sev ses] 
ГГ осу "serves 
| ТЕ M LENS 
ГГ novn — serves] 
ГГ осу мым 
[Г ооум[ Sie sir 505 
| __ввохлиј — "serves 
[| ____ввохлиј oiov sev sos] 
ГГ сия erva] 
ГГ сом ser vas 
[| iv буй sir 595 
| __ввохлиј ммм 
[пози ovi si sos 
ГГ оу servas 
[| MALE sos] 
| ——sevm[- servas 
|| A roin sio sos 
ГГ mon mor vez 
| RE отсут si sos 
| __оиллиј БЕСІКТЕ 
| — eon отсут six sos 
ГГ соум[ see vas 
| — ovn] отсут sio 505 
ШЕСІ) servez 
| —— wovon осуи sixv sos 
| — oie осуи эло 505 
ГГ бум see vas 
| — вади] били six sos 
| ___оизлиј______воогуаз 
| ооум[ see ves 
LIT ses vez 
D RE осуи six sos 
[avin woe va 
[| ET oro Wan si sos 
Es] 

EIL. 

ш 
ш 
Г] 
ш 
т 
т 
| 
> 


| | 


| 
| 


» |>|-|>|>|>|>|> |>|>|>|>|>|> |>|>|>|> |>|>|> |[> |> |> | >| > |» |> | >| >| >| > | > |» | > |» |> |» |> |> |> 


> 


[ — люум[ 1914 SAW 595 
oiov | — — serves 


- 
- 


А 


> 
> > 
> 


АЈА 


OLO-VINI OLO-V1W БАХУ SOS 
OLO-V TIN 8991 Vd3 


ЧУМУ] > | > 


SOG е!шбл/\ 
HOG елозгишуј 
ноа ерџој4 
HOG eurew| > 
за чобищзем| > 
SOG ешблл| > 
HOG жод мэм > 
аза Аэ$лэг man] > 
HOG ејозаишуј 
ноа еро1 > | > 
нча ешоде) 


аза ^әззәг мем 


ш 
(22 
m 
m 
m 
m 
m 
em 
L| 
L| 
m 
m 
[| 
L| 
m 
ш 
Г 
ш 
| 
L| 
m 
m 
m 
ш 
m 
L| 
L| 
ш 
Е 
Е 
m 
L| 
m 
m 
m 
Г 
Г 
ш 
ш 
L| 
m 
L^ | 
m 
m 
m 
[^] 
ш 
| 
> 
| 
cle 
3 


9098 | JNS 107 e| эр 


X 


d / pV uone woju] 


О} SS999\ Əy} Jepuf) pəseəsjəy 1ueuunoo( 


110-995-92 "86 лем £0L-09Y 


(€LL-Z9 + 101-29 + 06-29) sÂueudigoojyoejueg - WNS 


(16-29 + 88-78) 5Миәца!доло[цәоршәд - WNS 


(521-28+ 611-28 + 801-28 + 16-28 + /8-78 + 98-78) siKueudiqojoju2ejued - WNS 


(921-79 + 611-79 + 601-28 + 26 78 + 28-78 + 98-29) SAueudigoiojyoequeg - WNS 


(111-28 + 911-29 + 98-28) sÂueudiqosojyoe]usg - WNS 


(66-79 + 58-79) sikueudiqojojuoejueg - WNS 


(511-78 + 011-29) $/чәцаоојцоезиәа - WNS 


(у21-28 + 801-29) 5/иәцйадооццовшәд - WNS 


(21-28 + 101-78) зИџеца долојцовјива - WNS 


(4S1-Z8 + 951-29) sKueudiqojojuoexeH - ung 


(891-79 + 551-78) зИиецачолощоехен - WNS 


(671-29 + /1-28) sikueudiqoiojuoexaH - uns 


(071-28 + 651-78) °Ицецааолющцоехен - wng 


(761-29 + 191-29 + 551-78) $/чәца!дозојцоехән - wns 


(Егі-28 + veL-Za) =Кчоца!дозојцоехән - uns 


(591-78 + 09-78 + 861-78 + 621-29) зИцецачолоцоехен - WNS 


(991-28 + 821-29) sueudiqoiojuoexeH - WNS 


(581-79 + 581-78) 51Ќиәца!озојцоезагн - uns 


(61-78 + 081-29) 5Ичәцфдоло(цовудәң - шп5 


(611-79 + 111-28) зИцечачолюцовз Чен - wng 


(61-78 +-21-78) sÂueudigoioquoig - шп 
1210} 'sjeuebuoo god 


Wueudiqouojuoejueq-G*.p'v'.Z'z 66 808 


Zorn] oza vaal Z01786 854 


Kuaydiqosojyoejued-9',p'€'.2'Z 86 808 


иш ИШ 


GE "лем [01-09% 7391 ә 
("РЯ saas jeonsjeuy SAXV А/әшіо)) 
гр зеоџле5 [eonApeuy бАХУ SOS 
э4оэ$ џиопеџролооу 


55212 риподшо2 


шоо'јеоцАјеџезАхе ммм 


СУ 


saxy ggg VE abed LLOZ-dƏS-9Z "86 лем Е01-22У 


зИџецфдолојцовјига |8101 


> > > > > >» |>|> > > > > |> 
> > > > > -|-|- > > > > |> 


> 


> 


[— оу Giov sax 595 
[сом аве маз 
озул] 206v sio sos] 

шоу — 598 ea] 


OLO-V IW 8991 Vd 
400514) 200-У1ИІ БАХУ SOS 
OLO-VIWI  OLO-VIN SAXY 59: 
100-VIW 0228 Vd: 
OLO-VIW 8991 Vd 
400-V1W| | £00-V TIN SAXY 59: 
OLO-VIW| OLO-V TIN SAXY S9: 
400v 1N 0/28 Уаз 
OLO-VIW 8991 Vd: 
200-VIW 
OLO-VIW 


"n 


~ 
S 
9 
3 
> 
Ф 
5 
Ф 
о 
Ф 


OLO-VIN 5АХУ S9: 


$893 110] 


зИиэцааолоцэеро [E10 |. 


SjKueudiqoJoju2euoN |201 


s|Auaydiqosojyoouoyy |8101. 


$Ицэцааолоцехен |8101 


зИџецаф аојојцовудон |8101 


L00-VIN 
OLO-VIN 8991 vd зИцэцаюолюцо!а 110 1 | 
OLO-VIW| 0L0-VIN SAXY 59: 
OLO-VIN 8991 Vd 
OLO-V1W| OLOYIN SAXY S9: 
OLO-VIN 899) Уаз 
OLO-V IN 
OLO-VIN 
OLO-V1W| 0L0-VIN SAXY S9 
OLO-V TIN 8991 Vd (06-28 + 81-29) sKueudiqoiojuou | - uns 
OLO-v1W| 0L0-VIN SAXY 59: 

OLO-V TW 8991 Vd (94-28 + 72-79 + 0/-78 + 19-28) sKueudiqoiojuoene | - WNS 
OLO-VIW| OL0-VIN SAXY 59: 

OLO-VIN 8991 Уаз (51-79 + 29-78 + 65-79) SHueudigoiojyoese | - WNS 
OLO-WIW| OLOYIN SAXY 59: 

OLO-VIW 8991 vd3 (65-28 + 05-28) sKueudiqoiojuoeae | - uns 
OLO-VIN] OL0-VIN SAXY 59: 

OLO-VIW 8991 Vd (69-28 + 67-28) 5ИиәцФ!долоцордә | - uns 
OLO-V1W| .0L0-VIW SAXY 59: 

OLO-VIW 899) Vd3 (16-28 + 57-28) sAueudigoiojyoene | - uns 
OLO-vV1W| OLOYIN SAXY 59: 
OLO-VIN 8991 Vd 
OLO-VIN] 0107 

OLO-VIN 
OLO-VIN 


0428 Vd: 


(62-28 + 92-78) sKueudigoiojuou - wing 


N 


(€€-Z + LZ-Z8) sAueudiqoiojuou - wing 


E 
o 
3 
> 
«|? 
EIE! 
[^] 
& о 
шо 


(82-28 + 02-78) sAueydiqosojyou | - wing 


N 


CE 
[A А | 
AA | 
[^^ _______ 
[^ 4 _____ 
[^ ^4 _____ 
JAA 
JAA 
JAA 
PAA 
JAA 
[Ал | 
^^ _______ 
АСА» enn 
[4 А _______ 
[4 х ______ 
PAK | 
JAA 
ЖАЖА) 
ES 
ПА = у 
LO DEBERE 
PALA 
PACA 
JALAL 
[A A | 


(59-78 + 2+-Z8 + 77-78) ЗИцечаюолоцоеде | - uns 


8991 Vd (4-28 + 17-28 + 07:28) ЗИцецааолоцоеда1 - uns 

OLO-VIW SAXY S9 
ово ли 8991 Vd (201-78 + 001-29 + 86-78 + 96-78 + 56-78) siueudiqoiojuejueg - WNS 
OLO-VIN]  OLO-VIN 5АХУ 595 
ощей 5АХУ SOS] AI pouiew реџрејооу/ 


А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 
А 


>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|> 


вумуј>- |> |> |> |- |>- | > |> | > |> |> |> |>- ||| 
>» |>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|> 


5 
> 
о 
5 
9 
ul] co uj] co] шү on ош] (2) N| w| oou 


55210 punodwog 


аоа 

аза ешелИзииеа 

ЧУМУ 

HOG auren] 

+ За чојбицзем 

S90 eub 

HOG жод мем 

аза Аэзлэг мем 

HOG еїозәишүү 

HOG ерџоја 

Наа еішоце2) 

аоа 

вөа ешблл 

аза ^әззәг мем 

HOG еїозәишүү 

ноа ерџоја 
аоа]> 

аумуј 

HOG eurew| 

за чозбичзем 

590 е!шбл/\ 

нод жод мем 

аза ^әззәг мем 

HOG еозвишу 

ноа ерџоја 

наа е'шоује 5 


GE "лем LOL-DOV 21 әш 
("РА seowueg jeonfjeuy SAXY Анәшлор) 
‘PI зао об jeonjeuy SAXW SOS 
adoos uonejpaiooy 


9|qejoq-uoN ‘лазем 


'џоцешјоји | e 58002 | Jns 107 e| ep 
прәл ue епбјпмр јиешпоод / оу џоцешоји 
о} Sseooy Əy} Jepu() peseejes јиешпоод 


шоо јео јеџезлхе MMM 


2660006 әбеа 


$АХУ sys јо pz әбеа 


А А À À А А-А À А А MP А жу ЛА А À 
А-А AA AA A АА | ЈхХх ______|кх A _________ 
[зл сш о al ae ee сс Тотем 
А А А А А ___| |ЈХАХХА ^4 TA A A ААА 44 | 
A Ae A ери Ал с {ах лс = 
кх I-A IA ER XE X Ен 
к Ал ee E wea. ee хс 
CE АЕ NEUE TREO Гүл с FUE ис сс 
À A À рол 
а ИЕ НА УУ NM S EN ИВЕ ЧЕШИ 
АЛСАК А CIS apex ee 
^ А __ | faa a A A [AAA AAA А А | 
n ДЕГІ [ха uA азу с 
n ОА DEA —— ee, ХЕЗБД 
^ А ___| [^^ ^^^ ААА AA | 
А CS ГУ aa = à À 
^ ГО С [хл жаг» АЗ Cue ЗА SH SF NOR 
^ А А|| јах _ х _________ 
А А ДА 54 CS кал аы 
[Ао Ал __| |АХХХХАХ ^4 ДАХА 24424 А А | 
AA A A VS VE АА 
n А ЕТ (eA LC ҮЗІ ЕР o ao 
А кара АЛАСА С А [АЗАЛЫ БАТ АЛА СУ 
п Val лс шакы с 
А XS [асл ен БИ су 
n к [ [хл хх a TASA UT е 
CR SN А АКСЫ л Дил с л 2 
[кА АЦА [s ААА ЛАО АА 
АТТА АСА Г ТЕН ЗА CO л DES VEI ORE EN ee те UN 
А АА ААА. А А AL [ ЈА А Kak A 
ЕЗ ЕП шр Е 
PAT [A х ATA A A 
Pie. fe == 
REED EEE ұлар VEN с=с 
АА, 
аг (ЕР ЗЕЛЕНЕ 
ырыр хз = = | 
А 
А] 
Ар хал = = 
ҮЗ [клас РЕ? А 
[qp ур == 
525 5555 5 |Ы 5555 БЕЗ 55. 
а 52572 886 ыы GE È 22512285 
мН See oe 4I g5 СОТ 
А завоз зоо 958589 $3358 396 
5 © ° 0 0 8 ту 587 o®°65087 23 
о т ттт m x m тп: т 
m * 9 v v 
© 
8 


ЕЗ 
E 
g 
z 
о 
? 
2 
о 
ш 
= 
LJ 


- ao 
o o 
g 2 
5 2 


'џоцешјоји | e 58002 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу чоцешоји| 
0} Sseooy EU} лэрий peseejes јџиешпоод 


LLOZ-des-97 "86 лем Е01-20У 


LOVIN 
LLO-WIW 


0628 уаз 
£191 Vd3 
LLO-WIW SAXV 59 
0628 Vd 
£191 Vd 
LLO-WIW ЗАХУ SOS 
0628 vd 
219: Vd3 
LLO-WIW ЗАХУ S9 
0628 Vd 
£191 Vd3 
LVO-V 5АХУ S9 
0628 Уаз 
219: Vd 
LLO-WIW SAXV 59: 
0628 Vd 
219: Vd 
LLO-WIW SAXV 59 
0628 Yda 
£191 Vd3 
LLO-WIW SAXV 59 
0628 уаз 
£191 Vd3 
LLO-VIN SAXV 59 
0628 Vd3 
£191 Vd3 
LLO-WIW SAXV 595 
0628 Vd3 
£191 уаз 
LLO-WIW SAXV SOS 
0628 Vd3 
£191 Vd3 
LLO-WIW SAXV SOS 
0628 Уаз 
219: УЗ 
LLO-WIW SAXV 595 
0628 Vd3 
£191 Vd3 
100-V IIN ЗАХУ SOS 
OLO-VIN SAXV SOS 
0428 уЗ 
8991 Vd3 
100-V IIN SAXV SO 
OLOYIN SAXV SO 
0428 Vd3 
899) Уаз 
100-УЛИ SAXV 59: 
LO0-VIN SAXV SOS 
010-У1ИІ 5АХУ 59 
0/28 vd 


заова-8 122 


~ 
5 
5 
= 


LOVIN 


LOVIN ааохн-8 7962 


" 
5 
3 
= 


LOVIN 


ZVO-V IN заоофв еу 


~ 
5 
5 
> 


LOVIN 
LOVIN 
LOVIN 
LOVIN 


G09ed-8'2'€'2'L 


~ 
= 
о 
5 
= 


AGOXH-6'8'Z'€'2'L 


~ 
5 
5 
= 


LLO-VIN 
LOVIN 
LLO-WIW 
LOVIN 


CGOxH-6'8'Z'€'2'L 


~ 
= 
о 
|| 
= 


ааохн-8'2'9'2'2'1 


~ 
= 
о 
= 


LOVIN 


LOVIN ааохн-в 962) 


a 
5 
3 
= 


LOVIN 
LONN 


жане тес, 


~ 
5 
3 
z 


ZVO-NCTIN 


ZLLO-VIN ааохн-в 2621 


2 
5 
3 
= 


LOVIN 
LLO-WIW 


заодн-6'8' 222 


~ 
5 
5 
= 


LOVIN 


LOVIN 3aodH-8'4'9'v'e'z'i 


= 
© 
3 
> 


LONN 


LOVIN аадан-в'2'9''є'2': 40094 


ojn 
=|о 
31° 
5|5 
>|> 


200-VINW 
OLO-VIW 


sMuəydıqosojyou | |8101 


~ 
е 
© 
5 
= 


е 
9 
5 
= 


5И\нәца!долоцәедә | 18101 


$Ицеэце!а peyeuuoly94104 јео] 


~ 
o 
о 
3 
= 


ojn 
=|о 
919 
5|3 
=|= 


о 
= 


риподшој 55215 punoduio?) 


GE "лем LOL-OOW :10Ј ety 
("РИ seowues jeonAeuy SAX Анэшио}) 
рї seowues јео јеџу SAXW SOS 
әсіоос џођеџролоо у 


ш 
ЕЗ 
L| 
ш 
ES 
ш 
ш 
LA | 
ш 
Г 
ES 
L| 
m 
ЕЗ 
Г 
ш 
[A | 
Г 
m 
ЕЗ 
Ен 
ш 
ЕЗ 
ш 
ш 
E 
L| 
| | 
ES 
поми 
| | доми 
ЕЗ 
ш 
m 
[^] 
m 
m 
m 
m 
Ін 
Г 
ш 
ш 
m 
m 
ш 
ш 
ш 
m 
[e] 
2 
| 


шоэ`|еоцАечезАхе ммм 


269000с әбеа 


saxy ggg ^ 9 eed 4102-495-92 "86 ләм Е01-00У 


А А OLI-WIW БАХУ SOS (суза 2:0) ә\еиодпвзәшоцәуолопу 2:р 
EEE EEE EEE A опали Sy sos] (615 27) SINInSISUUGIOIOR 27 
О | омм 89e sew sos| 
ПР ү чч о хуз арвин 
рр Ц тауа поми sixv sos] 

Е АГ И у И vin ave 4001 еі 
[^ 0A 0A А _ | ЈХХХА Х ДАХА ^ A^ А ОИ 
бас | [лл A [лл хх хл л ЕШ ЕН emm 0628 vaa 

E ОА арра хус A с=ш= =т= el 40994 ею 
[л == ME ER ха = о 
[i-a | А == == ee ==) a324 mo 
| 
кл =» е == = 
к= то үр POP ЕЕ | == 4004 04 
i ur uo awe == = == 
[туос re = рУ == novm| ____овгачаз 
[к Re eed NE! GE SEQNDODNEEM y == == == novm| ______пог Wai 43094+0094 eot 
| 
А лла 
НЫН НЕ А = | сада тој. 
к лл л AA es ж aa. Ох à à SEYA дохли] ______овавуа 
[иса аА Аз з с Ца el novm| — — servas] заохн то! 
АЕ А ~ _Ж АС M EA A „АА А А À А А А А LOVIN 0628 уаз 
ААА "ЕН Ar ee U лоу oeza vaz] 
[ку сл: Жоо Г {ах ск — RAS 0 novw| — — serves] РРО 
[ка aa aa Алал == a дохи zov SAN sos] 
[хл л a A mn хл [лл хл хх | | [шун EE D 
р: КАШ ОИС aadh тој 
A а ee E 0 
[c A ace ж лл с ух у Бі 4000 
АТ ААА ААА АЛА oad А a Lov ізі уз aoo 
^ А А AAAA AAT | јах Or [a4 х 2  ] Доу — — eio val 3aore/ez 
i a a MU IY АЯ ПІХАП _LIOWIN SA 509 
а à A Ae | Lovin] ______овавуаа 

ACC A Mh A Заре ЕРТ БЕ Re 755 Е e 71 дола] — e181 va] acorerez 
5 5 2 5 5 Б 5 5 5 2 E 2 > 5 2 5 5 3 2 > 5 2 5 2 5 5 5 3 2 9 Р OAN SAXW SOS] GI PON рәйрәләэуу риподшо> 55212 риподшо? 
39881565 FF a 858595^| е 258855" 

< Oo + © 2 96 оч & 9 а о га 9 о Б 

з 98995258856 9859 25 рої ее 

© 5 LRQ т? 9 9 8 Reo = 

т . v v v 

5 ? 
8 % 


GE "лем LOL-OOW :је1 Aly 
(‘pry заоммеб 1eonAjeuy SAXY Leu) 

"РУ звогле5 jeonAjeuy SAXv SOS 
edo2s uonegjipalooy 


эчеюч-иом ‘әдемі 


'џоцешјоји | e 59002 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / y чоцешоји| 
о} Sseooy EU} лэрий рэзеэем јџиешпоод 


шоо'јеопАјеџезлхе MMM 


769000с эбеа 
$АХУ i sys Jo 92 әбед 


OLI-VIN 5АХУ 595 


| onj опали sav sos 


peyipou 725 vd3 


аза eiueAAsuueg 
ноа eue 

$94 ешблл 
HOG WOA мем 
аза fesief мем 
ноа ejoseuuly 
HOG epuo} | 
наа е'шојје 
$94 BuIA 
аза Аэзлэг мем 
HOG еюѕәищуџ 
HOG ериој4 


-UON чәем 


eigeiod 


'UOljeuJJoJUl,| e 58202 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 
о} Sseooy EU} лэрий peseejes јџиешпоод 


ноа зиву 


за чобичзем 


S9Q ебал 


ноа жод мем 


аза ^әзләг мем 


HOG ejoseuulW 


ноа ерџој4 


Наа еішоце> 


OLI-VIN БАХУ SOS. 


| озул] ori saxy sos 
| _ zrov1W| 20У АХУ SOS 
|  £po- VIN] eroin saxy sos 
| юу] 190-У1ИІ saxy 59 

| 090-VIN] 090-VIN $АХУ 595 


рәшрош LES vd3 
OLL-WIW|  OLI-VIN $АХУ 595 
| | OLI-VIN| ori saxy SOS 
OLL-WIW] о-и 5АХУ 595 
| | 270%] 2p0-VIN 5АХУ SOS 
| | ЕРОЗЛИ| tvo-viw saxy SOS 


ОЛИ] 170-УТИ БАХУ SOS 


090-V1W| 090-WIW SAXY SO 


рәџрош LEG уаз 


ZHO-VIN| ZP0-vW 5АХУ SO 

| | ЕРФОУТИ| tro-v1w SAxv SOS 
ОЛИ | | Lv0-v 1 SAXY 595 
090-viN| 090-WIW 5АХУ 595 


peyipou JES үсіз 


| onan] onn saxy SOS 
о ЛИ] OLL-VIN SAXY S9 
| OL-VIN] OLVIN SAxv SOS 
| onan] onn saxy 595 
| опити orn saxy SOS 
[| ом] OLI-VIN БАХУ SOS 
|____о Ули] ori-viw saxy SO 
OLL-viN| OLL-YIN SAXY SO: 
|_____68о Vin] 680v1w 5АХУ SOS 
уво ЛИ] 190-v1N 5АХУ 595 
oLi-vaw| OLL-VIN ЗАХУ 595 
|____ ОЛИ] onn АХУ SO 
680-VIN] 680-V1W 5АХУ SO 
L80-VINT  L80-VIN 5АХУ S9 
OUIAN SAXY SOS] QI Pouiew реџрејооу 


LLOZ-des-97 “86 ^ed €01-00V 


(саңа) әјеиопѕәие}дәцозопуәа 


(уодаа) ајеоџезероројопџед 
(ѕоа3а) ејеџојупзеџезероројопуеа 


(маза) зјеоџезгролопџеа 
(үаза) әуеочеоәроотиәд 
(саға) 9jeuojjnseue»epo,.onjjed 


(Va4d) e:eouejnqoionjjeg 


(583) әуечоцпзәуеулдологциәді 

(3SOJ9W-N) јоџецеоршеџојпзеџејзоојопшед цјеуј-М 
(vvSOJ9W-N) proe одеоеоршеџоупзеџејзоолопшед ујоуј-М 
(у5О-әйі-м) гр шеџоупзецејзооопуедИ је -М 
(3S0:13-N) |оџецјеоргшеџојупееџејооојопуед И 13-М 
(vvSO4I3-N) poe опеоворшецојјпзеџејзоојоп уједа Ц13-М 
(vSO-I3-N) гршеџојтзеџејзоојопуед 13-М 

(5уза 2:8) ојеџоупвјешојејозопу 2:8 

(514 2:8) ејеџоупзлешојећојоп 4 2:8 


(SY4d 2:8) eieuojins јешојејолопу 2:8 
(SW4d 2:9) ејечоупзјешојејојопу 2:9) 
(S14 2:9) aeuoynsiewojejoion 2:9 


(Sv4d 2:9) eyeuojins јешојејолопу 2:9 
риподшод 


S£ ‘APY LOL-OOV ‘42 ә) 

("РУ Sadas jeonsjeuy SAXVY Арэшио}) 
"р $99!^4э$ jeonA[euy SAXY SOS 
94026 чоцеурэ12э\у 


55215 риподшој 


шоо'јеоцлјеџезлхе ммм 


969000 обед 
'SAXV | $9$ 730 12 әбеа 


> 
> 
> 
> 
> 


> |> > 
> |> > 
> 
> 
> > > 


> 
> 
> 
> 
> 


> 
> 


> 
> 
> 


ЕЕН 


> > |> 
> > |> 
> > 
> > 
> > > > 


> 
> 


аза еџелАзиџеа 
ноа әшеу 

+ За чојбичзем 
S9Q ебал 
HOG жод мем 
аза ^әвләг мам 
ноа еїо$әишү 
ноа epuoi4 

нча еішодео 


9|qejog-uoN ‘заем! 


$949 е!шблл 


аза Аэзлэг мем 


HOG еоѕәищу 


ноа ерџоја 


HOG eue 
за чозбичзелл 


ѕоа е!шбл/\ 


ноа жод мем 


аза {osier мем 


HOG еїозәишу 


ноа ерџој4 


нча е'шојје 


OLL-VIN 


одоли]  090-VIN SAXY SOS 


рәшрош JES уаз 


|  OL-VIN| они saxy 595 
| ооа ги 

| sroviw| troviw saxy SO 

| 09oviw| 090viw $АХУ SO 


[X] | шола анс 


оросо > N 
Е $|3|3|/3| =|- 5 5 
E 444442 SISIS 
8 2|2|212|21% = = 
Е o|o|o|o|o| € Ф o 
к 5151515151 > > 
8 <|<|<|<|<|8 НЕ 
< o|vo|vo|o|o|« a o 
а ОЈОЈО|ЈОЈОјо о о 
ui Ф|Ф|Ф|Ф]|Ф!ш o|ojo|o 


LLOZ-des-97 "86 ЛӘМ 501-999 


(50344) ејемоупзеџеузоојопуеа 
VSO4 ere (увоза) эришечодпзэцероолопуие 


(увоза) epiweuoyns әшеуәоолопнәд 


(ума) ејеоџеџоџојопшед 
(VN3d) e:eoueuouojonjJed 
(SN3d) eieuojjnseueuouojonjjed 


(ухнад) ејеомехецојопуеа 
(vxH3d) ejeouexeuoionjied 


(SxH4d) әјеиопѕәиехәцојопуәа 


(уднаа) ajeoue;dayoionyiag 
punoduio? 


GE "лем LOL-OOW :1е: әу 
(рл seovuag jeon/jeuy SAxv Aueuuoj) 
"РИ $99195 jeonAeuv SAXv SOS 
edoos поцеџрелооу 


55212 риподшоЭ 


'џоцешјоји | e 58002 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 
о) Sseooy EU} лэрий peseejes јџиешпоод 


шоо'јеомјеџезлхе ммм 


969000 әбеа 


SAXV $$ 10 82 әбед 


SLO-VIW SAXY SOS 


Sio VIN] Sb W 5АХУ SOS 
CA  мөгуаз 
Sio VIN] SI WSJXY 595 


> > > > > > > 
> > > > > > -|- 
EE ИЕС ВЯ ИЕ ники 
~ 
о 
= 
2 
5 
o 
o 
(2) 


3 
S 
3 
S 
S 
SION 510 VIN $АХУ 595 
ТАП зга 
5 
S 
S 
S 
S 


- 
- 
- 


DENT DIE VIN six 595 
ZrO) ZPOW БАХУ sos 
roin | trovi SAV sos 
ox [ iovis sos] 


090-v1W| 090-У1ИІ SAXY 59! 


рәшрош /єс уаз 


OLL-VIN| ОИ 5АХУ $9: 


OLL-WIW] ОН-УТИ 5АХУ SOS 
2%0-/1ИІ SAXV SOS 


ЕРОЭУІМ| £v0-v1W 5АХУ $9: 
LOVIN Т7О-УПИ 5АХУ 59 
oon [ oso vw Suv 595 


090-VIW 
€v0-V IN 
ОЛИ рәшрош LEG vd 


> 
> 


> 
> 
> 
> 
> 
> 


> |> 
>|> 


> 
> 
| 


> 
> 
> 
> 
> 
> 


а 
5 
© 
5 
= 


А À 
А А 


> 
> 
> 
> 
> 


> 
> 


tov оон зу 95 


рәурош /25 Уаз 


NT Mi ee o saw sos] 
„ж. А 


5 
5 
5 
ЕЈ 
OLL-WIW] ОН-УТИ SAXV SOS 
5 
5 
5 
5 


[У] Y 
б 


О joue SAXY 595] GI Pouiew реурелооу 


ч о 
К 3 3 > 


аза емелИзииеа 
ноа auen 

. за иоубицвелд 
$9а е!шблу\ 
HOG WOA мем 
аза Аэзлэг мам 
HOG едозаишуи 
ноа ерџоја 
нча еішоцео 
ѕоа ешблл| 
аза ^әзләг мем 
HOG еоѕәишу 
ноа ерџој4 
HOG aue] 

за чојбицзем 
$9а еішблд 
ноа жод мем 
аза {osier мем 
HOG гјозаишуј 
ноа ерџоја 
нча е'шојје5 


-UON ејем 


2198104 


'иођешоји | e 58202 | Jns 101 e| ep 


прәл ue епбјпмр јџиешпоод / y uoneuuoju| 
ој SS299\ SU] JOPUN рәѕеәјәҹ јџешпоод 


2102-4ә5-92 "86 лом Е01-22У 


шејогелд ју 


юоләупагу 


џечдошшејео у 

(213) эцо^эедеиа3-у 

(0103) әшц/овдәИхокіз-р 

(9193) euipKoeneuojuoid3-p 

(Огуз) әшо/овдәторАциекіз-р 
(919v3) оџцодоелеџојцоолрАциен 3-p 
џејоздпа!-Ахолрлц-2, 


euniduue-Axo1pAU-0 | 


ешуиехицецл -/' | 


(vundd) ејеоџезерипојопуеа 
(уа | за) ејеоџезершоопџеа 
(уде ча) ејеоџмеоередејоопшеа 


(ved4d) eieouejuedojonjuag 


(узаза) ојеоџејиодојоп од 
(беда за) e:euojjnseuejuedojonyieg 


(уоза) әесиеуәоолопнәд 
(уоза) әеочерооотиәд 


| хыр 9n six 55 
117212111. ун 20v cv sos 
[e] 


punodwos sse|9 риподшо? 


GE лем LOL-DOV 2191 әј 
(‘PIT seowes јеомјеџу SAXY Ашәшіо)) 
'pr1 seoiuies jeonAjeuv SAXY SOS 
edoogs џоцеџрелооу 


ШООЧЕОЦДІРЦЕвАХЕ ммм 


пџел ue епбјпмр јиешпоод / jy чоцецио | 


1650006 обед 
ЗАХУ | оспе /° 67 Bed 1102-496-92 ‘Е ләм Е01-00У 


uiuabixobig 


x| шун ЕТ ЕС ООО 
ИШЕ ТА SLO-WIW БАХУ SOS шегерицујешзед 
SLO-VINI SZO-VIN 5АХУ 595 
S40-V 1N +691 Vd3 •ешј2оојгешед 
SLO-VINI SZ0-V1W SAXY 595 
S40-V 1N +691 уаз эшарэлиолрАЧеа 


S40-V1W| SZ0-V1W SAXY 595 (epiwenjo}-w-Au}aip-N'N) 1338 
- SLO-WIW SAXV S9 
+691 Vd: 
520-У1ИІ БАХУ 59: 


3 | 
> 
|| 


ram 
EE 
ое 
5 
= 


o| о 
NES 
$| © 
== 


SLO-VIN ЗАХУ $9 
769: Vd: 


ю|ю 
NES 
ое 
>|> 


uiuo 

| ~ 

5/5 
| 

=|= 

win wo 
~| ~ ~ 
о|е о 
sis s 
>|> > 
2) 2] әјә. 
EEEEEE 
ojo ole 
[0] КО] Ola 
ui] e шо] win 


o 
~ 
2 
= 


о 
е 
А 
5 
= 


+69! vd шоехоуеш о 


wo 
~ 
Q 
= 
o 
2 
Q 
5 
= 
an 
5 
[^] 
Ф 
[7] 


+691 Vd шоАшолцие|> 
SLO-WIW SAXY S9 

+69! Vd шоехоноза у 
SLO-WIW SAXY S9: 

#691 Vd әшрцәшгу 
RE UT оли SAW 595 
ШЕШЕГІ) ма (219) surofoensuo 


SLO-VINI SZ0-VIN SAXY SOS 
S20-VIW 7691 Vd3 ештејоје 


SZ0-VIWN| SZ0-V1W SAXY SOS 


мојој 
~ |~|~ 
55/6 
5|5|3 
>|>|> 


о 
~ 
T 
= 


(2) 


о 
~ 
о 
5 
= 


ешдегешефеђ 


[— sun RENE 
Г оу  мөруаз у oveucsg 


= euidojjzzueg 
^ 910 МЛИ SAXV SOS 


т 
~ 
о 


rJ 
~ 
о 
= 


SLOW 
S40-V 1N 


SLO-VIW 


S40-V1N| SZO-VIN БАХУ SOS. әшаројшу 
570-714)  SZO-VIN 5АХУ SOS. ешИздинилу 


punodwog 55212 риподшо>! 


аза емелИзииэа 
HOG гиву 

„ За чозбицзем 
ѕоа еішблл| 
ноа жод мем 
аза Аэзлэг мем 
ноа еоѕәищу 
ноа ерџојз 
нча е!шодео 
SOG е!шблд\ 
аза ^әзләг мем 
HOG ећозаишуј 
HOG epuol4 
ноа әшеү 

за чојбицѕел\ 
ѕоа ешблл 
HOQ жод мем 
аза Аэзлэг мем 
ноа ејозгишу 
ноа ерџоја 
Наа еішоце>) 


S£ лом LOL-OOV 2391 Əy 

(рл зәзіліә jeonAjeuy SAXY Aueuuo)) 
"ри зәо!л1ә$ jeon/ieuy SAXY SOS 
э4оэ$ иођеџрелооу 


э1чеюч-иом әуе 


моји в ѕәоое | UNS 107 e| ep 


шоо'јеоплјеџезлхе ммм 
0} SS999\7 SU} Jepuf) резезје У JUSWINDOG 


869000 с әбеа 


saxy 606 906 әбесі 1102-49-92 “96 лем 501-999 
А GLO0-VIW +691 ҮЗ шидојешо 
| |_____ 520 ЛИ | 5/0-У1ИІ saxy 595) 
| А al | SLOW _______ бог vai] uloexouo 
A SL0-VIW +691 Vd3 ayewnsebion 


wo 
~ 
9 
= 


С оми EVE ror 
TT Tamil яюм SAxv sos] 

ET sevm|- —- servas мовхором 
ЕЕ мм voor vaal pn 
А Sov | 2 VIN SAxY 505] 

Г хх ДА м 601 va шерте 
ET м 01 va etozeuooww 
сыт оми зар оду ЗО м 
À Sov | 520 Vin SAxv 595] ET 
EE == 5 

a aay 


SZO-VIW ЗАХУ SOS 
SL0-VINT — — — 7691 vai] шішоәуу 
À 


||| зоми су саху 595] 
ГГ ——sovm|- уе 
[ — —sov| сути sixv sos] 
[ | | ——sovm|- — ver va 
[ — —szovw| ул sixv sos] 
[-|-| ——sovm|- rer val (019) euratoeneuonioos 

Г зоми Sz va sav 595] 
зоми эбиуе uejoidna 
зоми ба Saxv sos| © 
ATL зоми sae van sax sos] CETTE 
А D ПУ EE ES ООО] 
А SLO-WIW| SZ0-V1W 5АХУ SOS 


А S20-VIW 7691 Уаз уголаушес) 


о 
e 
9 
= 
l'a 
5 
5 
= 
ә 
s 
[^] 
9 
(2) 
Ld 
Е 
rd 
2 
2 
а 
Ф 
= 


>| |>| |>| | 
>| |> 


| 


ejyeuoidoud эцозеэци|. 
А ||| шул | eunexoni4 
KA ET 6409 saxy 595) epiuourpontg 
КЕ соми] son sax 598] 
TA сл] |_____е2охлиј —  — ve9r vd] әшпбәшпі4 
|1) soevw| ____- ог vaa ayesphue шойшолцузЗ 
À: | sown] 6407 saxy 595] 
| EE A _______ бо: vaa] uroexoyoiu3 
PAT Г  szovW| szovw saxy SOS| 
i ee | ЕБ: АЛ — — — 769: val 
a) _______ 69: yaa] амужоккод 
520 ЛИ] szov1w SAxv 595] 
Г оу борча гишелрциецаа 
SIOVIN] бог Wa 
А _SLOVIN SAKY 595 
узшу A7 


аза е!иеліќѕиџәдај 
ноа әшеүү 

+ За чобич$ем 
$9а Lu 
HOQ жод мем 
аза Аэзлэг мэм 
HOG eloseuuly 
HOG epuol 4 
Hda e!woye9} 
S9Q BuIA 
аза ^әззәг мәм 
HOG еюѕәишу 
ноа *puol4 
ноа әшеуүү 

за чојбицѕеуу 
сөа eub] 
HOG жод мәм 
аза Лезлаг мем 
HOG гћозвишуј 
HOG epuol 4 
наа ешојје 5) 


ш 


Шш 


GE "лом LOL-OOW ::je1 aly 
(рл 5әзіліә6 1eonAjeuy SAxv Ашәшло}) 
“БІЛ $99495 јеоМјеџу ЅАХҮ SOS 
edoog иоцеирәлооу 


әјаејоа-иом “әде 


шоо јео јеџезлхе MMM 


| јџешпоо 


C C 


rvs ~ 


saxy ggg 1° 16 9беа 


| 


| 


| 


| 


SLO-WIW БАХУ SOS 
ХАП ______ "бог vaal 
"vw| 5/0-71/1 saxy 595] 
ЖАП _______'бог vai 
VIN] 5/0-71/1 SAXY 59$] 
| 92041 SAXY SOS| 


SLO-WIW БАХУ 595 


ооо цо 
~ DS | ~ DS 
ојојојо 
>|>|>|> 


оо 
RIN 
SIS 
575 
=|= 


S40-VIN| SZ0-V IW БАХУ 595 
S40-V 1N 


SLO-WIW SLO-WIW SAXV SOS 
| szo-vw 5АХУ 595] 
|_______ бог уаз] 

УЛУ] SZ0-v1W АХУ 595] 

уу] ______ бог vaa] 
sio VIN] 520 УЛИ SAxv 595 | 
|_______ бог Wd 
| 520 vin SAxv 595] 
|_______ 69i Vd3| 
| S/0-V1N saxy SOS] 
|_______ бог Vd3| 


520 УЛИ 


o 
~ 
9 
= 


о 
pu 
% 
5 
> 


wo oo 
~ RIN 
о ое 
ШІ 
> == 


ко 
~ 
о 
3 
> 


SLO-VIN 

sio VIN] 520 УЛИ SAxv 595] 
520лИ] ______ бог Wd 
920 VIN] 520 УЛИ SAxv 595) 
slow _______ "бог Wd} 
SLO VIN] szo-vw SAXY $93] 
SLOVINT 69! Уаз] 
920-УЛА] 5/0-У1ИІ АХУ 595] 
s;oviw| _______рбог Wd 
920-УЛА| szo-v1w sAxv 595] 
S/0-viW| SL0-VIN SAXY 595) 


SLO-VIN] SZ0-V IW SAXV 595 


| 


|| 


А 


[Isi 
| 


SLO"VIN v69! Уаз 
SL VIW| 520-VIN ЗАХУ 595] 
Szovi| ______ бог Vaal 
520 VIN] 520УЛИ ЗАХУ 595) 
соул ______рбог vaal 


SLO-WIW| SZ0-VIW БАХУ SOS 
slow +69! Yda 


| 


> 


А 
А 
А 


> УН 
| оду __-___-_____ | 


SLO-VIW 
Г szoviw| 5/0-/1ИІ saxy 595] 
SLO-VIN] _______ 769 vaa] 


S40-V lIN 


аза ешелИзииаз 
HOG әчү 

. за чојбицзем) 
ѕоа ебал 
HOG WOA мем 
аза Аэзлэг мем 
HOG еоѕәищу! 
ноа ерџоја 

наа ешошео) 


ајдејод-иом "әде 


S9Q е!шблл 


аза Aesier мем 


HOG ejoseuuil 


HOG ерџоја 


SLO-WIW| SZO-VIIN 5АХУ SOS 
ошеу ЗАХУ SOS] а! POW рәнрә:ооү/ 


2102-495-92 "86 ^ed 501-999 


uesojou | 


ueqie20jou | 


(21) euioKoene | 
әюгенцеуп< 
әрішеішеупе 
ejozexoujeurejing 
ejoziujeuiejins 
euizeujeurejing 
ешгејеше по 
әшхошәшіреупе 
Әшгеіредпе 
eurzepuÁdouojuoejins 


unejseAuis 
әшеләс 


A uioiued 


eunexoJeg 


(210) емужоелеухо 


рюе эмиохо 


риподшо> 


GE ‘APY 101-20У 291 el 
("р SƏS jeonApeuy SAXY Анәшзоу) 
"РА зао! ле5 |еојешу SAXY SOS 
э4оэ$ uolje}Ip91991 


65210 рипобшо2 


ШООЧЕОЦДЕЦввАхв MMM 


0090009 әбеа 
saxy 606 © abed LLOZ-des-9z "86 лем £01-00V 


LOO-WIW 5АХУ 595 (pioe огејоушјед) proe эюизоэрехэц 

- | 100-/ГІЙІ 5АХУ 595] әшишеәойоцедәрехән 

ні | L00-W1W 5АХУ 596) (рое опишјед) proe жоџезорехоц 

| 100-/ГІЙІ SAXY 596) әшишеәйчәрезәрехән 

| 100-/ГІЙІ SAXY 595) ре опоцоќхоәрооќіб 

| 100-W1N 5АХУ 595] рюе 210420016 

| 100-W1W SAXY SSS| рюе оцоцойхоәроцәцәоэдүб 
| 100-WIW 5АХУ 595] 

| 100-/ГІЛІ 5АХУ 596 (euniujeoouexeuAxoJpAH) әшишеәдтеупүсу 

| 100:/ГІИІ saxy 59$] эишеу 9 

мол SAKW S08] 75 

[100 WIN] L00-WW АХУ 595) EEE) 

| | юомпи]| 1005/ГІЙІ saxy 595 (pie ошәош-А-ошоц!р) proe 2тоџеше5о2је 

[ [| .oocww[ 100-/ГІЙІ saxy 596) (рое оморчзеје) ров эоцәвдәцезооіЗ 

| | юоми| Loom saxy SOS (маз) pre оюциәгиәйезоэә 

| | onm опи заед 

| 100-WIN| (00 ПИ saxy 595) эшишеойоцәдәрод 


LOO-WIW 5АХУ SOS ешушеоркоџезерод 

AJ | 100-ИПИ L00-W1N SAxv 505 ешуијеокогреџезерод 

[| | :ooww| 100-W1W SAXY 505 (рюе эшалре) proe эюцэелаезоэор 

ГГ ooj [мм 595] (уна) рое эюцеехоцезоэор 
| :00wWTW| 100W1N saxy 595) 


[А] | 100-W1W| 100-W1W SAXY 595 euniujeoyoueoeq 
| | 100-W1W| LOO-WIW SAXY 595 (proe oudeo) proe зоџезор 


eunnueojkueipeoeg 


ЗЕ 
eje 
== 


S 
о 
3 
z 


© 
© 
E 
z 


5 
= 


5 
2 
= 


5 
2 


5 
© 


о 
о 
= 
= 
= 


8 
НЕ 
>|>|> 


ЕШ 
[^ | 
[^|] | 100wmmf room saxy sos] 
[100 WIN] L00-W]W SAXY 595) 
CAT [100] 100:/ГІЙІ saxy SOS 
ES VE воводвој 
PAT _|_____гооупиј]__ 1осипи saxy 595) Ш 
| | [| :ooww[ 100-ИПИ saxy 595] (рое отоџевјџодезозор-9 ‘EL OL Z %-59-Іе Аюлцеие)) € H3JIOSI 5222 
LOO-WIN| LOO-WIW БАХУ SOS (Yda) poe огоџевуџедезозор-6 | 91'Е | 'О1'/-З!2-е) 2 HANOSI 9:220 
| | [ roomn| too saxy 595] (рое эоцәвшәдевозор-6| о, ZL 8 %-52-Іе Молцеуџој) | H3INOSI 5222 
ES VE o oo 
L^] ТИПИ Loc W1w SAxv 595) euniureoueing 
[А | | 100-W1N SAXY 595] auu eyup эщәшшА$\у 
A 7 
EE вобелебву 
| 100 nn saxy 595) әшшбу 


LOO-WIW] _LOO-WIN SAXY SOS proe окђреошшу-ецдаје 


оти ioco SAXE SOS ue 


LOO-WIW} 100-W1lW ЅАХУ SOS эшууиоИеэу 
А [ | 100-W1W|  LOO-WIN БАХУ 595 ешушео јео у 
| LOO-WIN 5АХУ SOS euisoJAyxoupÁu-e 


LOO-WIW} LOO-WIW SAXY SOS рюе oiouerpesoore-p |, ‘LL 
- | 100-ИПИ! 5АХУ 595] (proe огоџешјезо2е) proe отоџешјезолне-, | “рр ||| seuoqeieyw рејобје | 


3 
[_520-VIN ЗАХУ 595] 
SLO-VIN] 9691 Уаз] шоќшешблл 
| sovisAxvsos| ____________________ едема 
| szoviwsaxvsos| ee sien 


|______ бог vd3| швој | 
"viW| sev Saxy 595] 
| | 1 *69: val шидоцјеши | 


| ШЕШ Е 


GE "лем 101-20У 2391 ә! 
(гр seovues jeonApeuy SAXV Аџешој) 
'pr1 seoues jeonApeuy бАХУ SOS 
edoogs иоцвирәлооу 


EN 
i 
EE 
=|= 


ЗЕ 
ојо 
=|= 


AE 
© © 
ІІ 
= = 


>| |> 
>| |> 
шо о wo 
~ 129 ~ ~ 
|| 5 
== = = 
о 
5ја 
315 
=|> 
aja 
> |> 
<< 
alu 
Оо 
9o 


- 
>|>|> 
wo 
~ 
е 
5 
= 


мм | И ОР 


5 
о 
е 
% 
5 
> 


А 
[ A 
А 
кл 
САИ 
Lo A 
a 
А 
а= À) 
А 
o A] 
[ 4| 
| 
— aes 
PAT 
Po 
[o A 
| я 
= = О 
ы) 
ес | 
| 4A] 
АЦ 
A 
L A 
L A 
ке с «| 
ые т. | 
А 
L A 
| A] 
= А 
x 
= ЗА 
Lo A] 
oS c] 
L 4A] 
| cA] 
À 
А 
| 
А 
|___-_____________АЈ 
D AJ 
es a с 2 
А! 
кыл ш А 
Lo A] 
| ij 
pl 
[ui 
o 
|. m i 
| + = 
| 
еж ==! 
Eo 
Кее г 


HOG eue 
. за чобичзем| 
SOG ешблл 
HOQ жод мам 
аза Аэзлэг мем 
HOG ејозаишу 
HOG ерџој4 
Наа е!'шојје 5) 
594 ебли 
аза Аэзлэг мем 
HOG ејозгишуј 
HOG ерџој4 
ноа euen|> 
за чојбицзем 
59а ебал 
HOQ жод мем 
аза Аэзлег мам 
HOG е1озәишүү 
HOG epuol 3} 
наа еішоцео 


5 

ко [шо 

БАГА 

ое 
Е! 

ЕЗЕЗ 


аза eluen|Asuusg 


eiqeyog-uoN ‘лезем 


ИШЕ en 


Оп 24 


шоэ`|еэцАеиезАхе ммм 


M) се 


1090009 әбед 


SAXV syg 10 се әбед 


аза е!иеліќѕиџәа 


ноа әчү 

. за чобицзем 
вөа ешблл 
HOQ жод мем 
аза Аэзлэг мем 
HOG ећозаишу 
HOG ерџој4 


700 SU} Јәрип p 


нча е'шојед 


-UON ‘лезем 


әјаејоа 


7 


ѕоа ебли] 


аза Аэзлэг мем 


ноа еюѕәииу 


ноа ериој 


100-W TIN 
100-WIW| L00-WIW SAXY SOS 
100-W1N| 100-W1N SAXY SOS 


100-W TIN 
LOO-WIW 


LOO-WIN ЅАХУ SOS 


LOO-WIW 5АХУ SOS 
|_100-W1W SAXY SOS| 
[_100-WIW 5АХУ 596) 
}00-ИПУ] _+00-WIW saxy 696) 
| _100-WIW 5АХУ 596) 


ais 
85 
515 
aia 
=|= 


г 
2 7 
= 
5 
= 


LOO-WIW 
100-/ГІН) 100-/ГІЙІ SAXY SOS 
LOO-WIN SAXY SOS 


100-/ГІЙІ 5АХУ 595 
LOO-WIN 5АХУ SOS 


LOO-WIW 
100-ҮГІЙІ 


LLOZ-des-97 "86 лем 601-20У 


LIZEO Иже-Иэе әшцоцоИрдецазоца 
2:00 Име-Иэе әшцоцоИрпецавоца 
1:05 Иже-Иэе әшцоцоИрцецазоца 
0:0€9 Име-Иэе әшіоцоАрдецаѕоцај 

эшшейуэИчечца 


әшуишезіочеоо 
әшішедјќоиәоәре}о 

(proe эшеоин-А) proe эюцэщеээрео 
әшишеоИоцеоәреро 

(pioe оџегј5) різе эюирәәрр}әо 
әшишеэічәреоәреро 

(pioe згајош) proe эючэреээрео 


LOI SAS EU 


GuiSOJÁJOJIIN 
әшишео сет Aue 
эрходпземионеи\ 
әшиоцәүү 


5 
5 
ШІ 
5 
= 


LOO-WIW} 100-/ГІЙІ БАХУ SOS 


[_LO0- WIN saxy 595) 
| 00-WiIW saxy 595) 
L00-WW| _100-WIW SAXY SOS 
100-WiN] 100-WN ЗАХУ $93] 
100-WIW SAXY SƏS 
100-WIW SAXY SOS 
100-WIW SAXY SOS 


00-/ГІЙІ 5АХУ SOS 


о о 
$ 3 
z z 
= = 
= = 


LOO-WIW 
LOO-WIN 


| 100-WIW 5АХУ 595] 
| 100-WIW 5АХУ 596) 
[ 100-WIW $АХУ 595] 
}00-ИПУ] _ LOO-NTN saxy 596) 
| 100-W1W SAXY 595) 


LOO"WIN SAXY SOS 


5|5|5|5 

8|5|3|5 
ШІ 

>|>|>|> 


LOO-WIW 
LOO"WIN 


5 5 
2|2|8|9 
" 
= = 
= = 


[_100-ИПИ saxy 595) 
|_100-WIW saxy $93] 
}00-УПУЧ SAXY SƏS 
L00-WIW SAXY SOS. 
L00-WIW SAXY SƏS 
[_100- Win SAxv 595) 
LOO WIN 5АХУ SOS 
L00-WIW SAXY SƏS 
L00-WIW SAXY SƏS 
L00-WIW SAXY SƏS 


8 
т 
5 
= 


> 
© 
> 
3 
z 


LOO-WIW 
LOO-WIW 
LOO-WIN 
LOO-WIN 


00-ҮГІЙІ 


HOG әнеу 
за чозбичзем 


S9Q BuIA 
HOG жод мем 


аза Аэзлэг мем 


HOG ®\озәишу 


ноа epuol4 


Наа еішоце2) 


LOO-WIN 5АХУ SOS 


1:820 Кое eutouoikpneudsougosÁI 
0:820 Иэе эиноцэирцецазоцео$А| 
L:929 Кое эиноцзИрнецазоцаозА! 
0:72) oe эииоцэИрцецазоцеозА| 
%:022 Мәе эиноцэИрнецазоцаозА! 
£:029 Кое эцноцоирцецазоцео$А1 
2:810 Kæ эшцоцоИрцецавоцсо54| 
1:810 Кое эиноцоИрнецаоцаозА| 
0:810 Кое эииоцоИрцечцазочеозА| 
0:10 ое еицоцодрпецдавоц dosh} 
1:910 Иэе эциоцоирцецазоцао$А! 
0:910 Кое әшцоцоИрцеца50Ц4054| 
0:19 Иэе эцноцэирпецазоцаозА! 


ріое эцоцооціі 


ЕТЕУ Т ВИС 


әшџиәјпиКу 
eulanelos| 


(ешушеокиојешИ ујео) euniuue2yuejeAxoupKH 


ешушеојоџезередеихозрјн 
ешушеоџегрезереде хојран 
(20 эицеАшобища$АхолрАН 
Z:ZZ9 eueAwoBuiydsAxo1pAH 
L:z29 әшјәќшобицаѕ/хојркң 
1:919 эииеАшобицазАхолрАН 
2712 эццеАшобицазАхолрАН 
euniuueoykuoidoudÁxoupÁH 


тА ТЕТЕ 


LOO-WIN 5АХУ 595 
+00-WIW SAXY SOS 
100-/ГІЙІ 5АХУ SOS 
LOO-WIN 5АХУ 595 
100 ИЛИ 5АХУ 595 


ешушеооџеоерејзолхолрћн 
ешушеоу ЈА јпа хозрАан 
ешушеокоџеоерехоцхолран 
ешушеооџезерехец/холрћн 
эицилеоИиереээрехэцАхолрАН 


C мн 


100-ИПИЧ 5АХУ 595 
100-ИПИЧ 5АХУ 595 
+00-WIW SAXY SOS 
LOO-WIN SAXY 595 
а! рофеуј peipejoov 


(ss@wosi шп) әѕохәң 
ешушеокоџехен 

(ешушезуијешп4) ешушеооџехан 
эшушеоКоцеээрехэн 

риподшој 


GE “APY LOL-OOV 7191 Əy 


(pr seowueg jeonfjeuy SAX Анешио}) 


ру заоумеб jeonsjeuy 5АХУ SOS 
edo2s uonejipa1o2y 


55215 punodwod 


щоэ`|еэцАецезАхе ммм 


209000, 


rvs v 


SAXV 


9 әбеа 


sys jo pe әбеа 


A 


А 
AT Г им 
AT | юм 
Af | мм 
[| мм] 
AT [ им 
| roon] 
af | им 
af Г им 
Aaf | им 
af [ им 
af Г им 
Aaf | мм 
af [| осипи 
af | им 
[room 
Aaf | им 
Af | им 
[^| ] юм 
[af | юм 
[af | опи 
[af ] юм 
[af | юм 
[AT Тю 
[А [| им] 
РЕГ мм 
АГ м 
АГ юм 
РЕГ юм 
АТ оти 
РЕГ мм 


> 


>|> 


LOO"W'IN 5АХУ SOS 


m L00-W1W| 100-/ГІЙІ 5АХУ 595 


LOO-WIW SAXY 595 
L00-WIW 5АХУ SOS 
LOO-WIW 5АХУ 595 
L00-WIW 5АХУ SOS 
LOO-WIW БАХУ SOS 
LOO"W'IN 5АХУ 595 
LOO-WIW ЅАХУ SOS 
LOO-WIW БАХУ SOS 
LOO"W'IN 5АХУ 595 
LOO-WIW ЅАХУ SOS 
LOO-WIW 5АХУ 595 
LOO"W'IN 5АХУ 595 
LOO-WIW 5АХУ SOS 
L00-WIW 5АХУ SOS 
LOO-WIW 5АХУ 595 
LOO-WIW ЅАХУ SOS 
LOO"W'IN 5АХУ 595 
100-ИПИ 5АХУ 595 
LOO-WIW SAXY SOS 
LOO"W'IN 5АХУ 595 
L00-WIW SAXY 595 
LOO"W'IN 5АХУ 595 
L00-WIW SAXY 595 
LOO-WIW 5АХУ 595 
100-ИПИ 5АХУ 595 
100-ИПИ 5АХУ 595 
|00-ИГІЙІ 5АХУ 595 
00-/ГІЙІ SAXV 595 
LOO-WIW 5АХУ 595 
100-ИПИ! 5АХУ 595 
УОО ИЛИ 5АХУ 595 


2102-495-92 ‘8€ лем 601-20У 


5:860 Изер эиноцоИрцецазоча 
$:85) Изер эциочоИрцецазоца 
5:85) Иер ешјоцокрцецавоца 
1:85) Иер әшіоцојАрцеціѕоца 
0:8€9 Изер эциочоИрцецазоца 
9:962 Иэар эиноцоИрцецазоча 
5:99 Изер әшцоцоИрцецавоцаі 
v:9£2 Изер эииоцоИрцецазоча 
£:9€9 оер әшцоцоИрцецазоца 
2:90 Иер эциочоИрнецазоца 
1:95 /овір әшіоцорпецаѕоца 
0:9£2 оер эиноцоИрцецазоца 
Р:рЕО Иер әшцоцоИрцецавоцаі 
6:769 Woelp әшцоцоИрцецазоца 
ZED Иер эциоцоИрцецазоца 
Liye Иер әшіоцэјАрцецаіѕоца 
6:60 Hoeip әшцоцоИрцецазоца 
2:260 Иер эциоцоИрцецазоца 
1:59 Изер эииоцоирнецазоца 
0:262 Изер әшцоцоИрцецазоца 
2:062 Мэер әшоцоИрцецавоца 
0:02 Изер эиноцоИрнецазоца 
1:85) Изер әшіоцојАрцеціѕоца 
0:920 Изер әшцоцоИрцецазоца 
0:29 Изер эииоцоирцецазоца 
9:79 Име-Иэе эииоцоАрцецазоца 
6:р?2 Име-Иэе эиноцоирцецазоца 
у:ўуО Име-Иэе әшіоцэАрцецаѕоца 
Еро Име-Иэе әшцоцоИрцецазоца 
6:27 Име-Кэе эиноцорцецазоца 
у: Име-Иэе eurouopneudsoug 
6:27 Име-Иэе әшоцоИрцецазоцаі 
Z:ZYO Име-Иэе eurouo/pneudsoug 


аза емелИзииэ 


ноа әшеу| 


. за чојбицзем 


59а ебли, 


HOQ WOA мем 


аза Аазлэг мем 


HOG еїозәишүү 


ноа ерџоја 


наа ешоцеді 


иом зејем 


eqelod- 


LOO-WIW ЅАХҮ 595 
100-W1IN SAXY SOS 
УООИЛИ 5АХУ 595 


Г юм] 
ГТГ им 
[^| | _____кооупиј 
[^| ] юмм 
PA] | oo] 
[^| | room 
[^| | осипи 
af [ юми 
A] | юм 
A] | юми 


100-ИПИ! SAXV 595 
LOO-W'IN 5АХУ 595 
УОО ИЛИ 5АХУ 595 
УОО ИЛИ 5АХУ SOS 
00-/ГІЙІ 5АХУ SOS 
LOO-W'IN SAXV 595 
100-ИПИ! SAXY 595 
100-W TIN SAXY 595 
LOO-WIN 5АХУ SOS 
УООИЛИ 5АХУ 595 
LOO-WIN 5АХУ 595 
УООИЛИ 5АХУ SOS 
00-/ГІЙІ БАХУ 595 


^| | 

АГ | 

Af | мм 
Af | мм 
A| | им 
AS] LOO-WTIN 
АГ | 
^| | 
^| | 
AT | 


Г им 
Г ТҮЗ 
Г им 
| бити! 


| OUEN SAXY SOS 
> 
> 


oo o mf we 


млуој> |> |> |> {> {|> |> {> |>|> |> {|> [> {> {|> {|> > |> {> | > {> | > |>|> |> |> |> {>> 


S9Q ешблл 
аза Аазлэг мем 
ноа еоѕәишу 
ноа epuoj4 
ноа auen, 

за чобичзем 
ѕоа ешбил 
ноа жод мем 
аза Аэзлэг мем 
HOG ejoseuuiyy 
ноа ерџоја 
наа eluoy|e] 


LOO-WIW $АХУ SOS 
100-ИПИ! $АХУ SOS 
400-WIW 5АХУ 595 
100-WTIN БАХУ SOS 
LOO-WIN 5АХУ 595 
100-ИПИ! БАХУ SOS 
100-ИПИ! БАХУ SOS 
00-/ГІЙІ 5АХУ 595 
100-ИПИ! БАХУ 595 
QI POUJSW реџрезоо 


-Кое euiouokpneudsoug 
-Кое әшцоцоИрцецазоца 
-|Koe eurouojApneudsoug 
Кэе eurjouojApneudsouad 

Кое әшоцојАрпецаѕоца 
5:07 Име-Иэе eurjouojApneudsoug 
220ғ2 Име-Иэе эииоцоИрцецазоца 
1:07 Иже-Иэе эиноцэИрнецазоца 


9:89 Име-Иэе eurouoApneudsoug 
5:859 Име-Иэе әцоцоАрцецазоца 
5:85 Име-Иэе әшцоцоИрцецазоца 
2:860 Име-Иэе эцноцоИрцечцазоча 
1:85 Име-Изе эиноцэИрцецазоча 
0:8£2 Име-Иэе әшүоцоАрцецазоцд 
5:959 Иже-Иэе эицоцоИрнечцазоча 
ў:9Є2 Име-Иэе эиноцоирцецазоца 
6:962 Име-Иэе эииоцоИрпечазоча 
2:962 Име-Иэе әшоцоИрцецазоцсаі 
962 Име-Иэе әшоцоАрцецазоцаі 
0:962 Име-Иэе әшцоцоИрцецавоцсі 
СРЕО Име-Иэе әшцоцоИрцецавоца 
2720 Име-Иэе әшоцоИрцецаоца 
Lipe Име-Иэе эиноцоИрнецазоца 
0:75 Име-Иэе эиноцоирцецазоца 


2:25 Име-Кэе әшіоцојАрцеціѕоца 
риподшо> 


SE лом LOL-99V : 491 ӘП) 


CPI $991^1э5 jeonApeuy SAXY Аџошлој) 
“БҮ $99!^1э5 [eon/euy SAXY SOS 


edo2s uonejipajo2y 


55215 риподшод 


шоо'јеоцлјеџезлхе ммм 


2090005 әбеа 


SAXV $96 


jo сє әбеа 


LLOZ-des-97 "86 лом 601-20У 


аза емелИзииеа 


ноа euIEW 


+ За uoiBuiuseM| 


S9Q е'шбл/\ 


HOG жод мем 


L00-WIW 
LOO-WIW 


оти 


640-V1W БАХУ SOS 


LOO-WIW SAXY SOS 
100-ИПИ SAXY SOS 


койуу эшо 
ueudojdÁ | 


LOO-WIW 5АХУ SOS 
LO0-WIW SAXY SOS 
LOO-WIW ЅАХУ SOS 
LOO-WIW SAXY SOS 
LO0-WIW 5АХУ SOS 
LOO-WIW 5АХУ SOS 
LO0-WIW 5АХУ SOS 
LOO-WIW ЅАХУ SOS 
100-W1WN SAXY SOS 


L00-IW TIN 


ШЕНІ! 


>>> EE el En el Et al аа 


LOO-WIW 
ШЕШЕГІ 
шейт 


LOO-WIW БАХУ SOS 
LOO-WIN 5АХУ SOS 
LOO-WIW SAXY 5905 
LOO-WIW БАХУ SOS 
LOO-WIW 5АХУ SOS 
LO0-WIW SAXY 595 
100-ИЛИ БАХУ SOS 
LOO-WIW SAXY SOS 
LOO-WIW 5АХУ 595 
LOO-WIW SAXY 595 
100-ИПИ 5АХУ 595 
L00-W1W 5АХУ SOS 
LOO-WIN БАХУ SOS 
LOO-WIN БАХУ SOS 
100-ИПИ БАХУ SOS 


L00-WIW 


аза Хәвіәг мәм 


HOG вюзеиии 


ноа ерџој4 


Наа е'шојјед 


[ion 
Conan 
[Г ioni 
отп 


LOO-WIN 
LOO-WIN 


УЛУО) 


SOG ешблл| 
аза Аэзлэг мем 
HOG вюзецини 
HOG ерџој4 
ноа эмеи 

за чозбичзем 
s9q ешблл| 
HOG WOA мем 
аза Аэзлэг мәм 
HOG еїозәишүү 
ноа ерџоја 
наа еішоце2) 


L00-WIW 5АХУ SOS 
100-ИПИ 5АХУ SOS 


V jouaydsiqowoqesa | 
әшед 

ешушјеоуџајел 

pioe опоцчолохерозјп 


эициблеИцзэцир јејо |. 
euni i 

euiuoeJu | | 
әшишеоИоцәдәредә | | 
ешушеокочеоереде | | 
(рюе onsuÁuJ) pioe 2юиеоәредәј 
әшишеәйиәрезәредә | 
pide оцоцолохерозјпојпе) 
рое оџоцооцујолпе) 

рюе эноцэАхоэролпе} 

рое эноцэолпе} 

рюе оцоцоЛхоәромәцоо:пв) 
euune | 

эцкиблеИцэцир одешшло 
1:929 әцәАйшобшцас 
0:922 әшәАшобицас 
кусо әшццәАйшобицас 
0:720 эицеАшобица$ 
2:220 әццәАшобицас 
2:020 әшіәќшобиціѕ 
L:819 әшәйшобшцас 
0:810 әшәАшобицав 
L:919 әшәйшобицас 
0:912 эш!эАшобица$ 


LOO-WIW 5АХУ SOS 
LOO-WIN ЅАХУ SOS 


LOO-WIW SAXY SOS 
LO00-WIW 5АХУ SOS 
L00-W1W 5АХУ SOS 
LO0-WIW SAXY 595 


LOT 5хУ595--- лом 


LOO-W'IN SAXY SOS 
100-W1W SAXY SOS 
100-WT1W SAXY SOS 
100-W1W SAXY SOS 
LO0-WIW SAXY 595 
L00-WIW БАХУ SOS 
LO00-WIW SAXY 595. 
100-W1W 5АХУ SOS 
100-W1W SAXY 595 


+00-ИПИ SAXY SOS 
100-W1W SAXY SOS 
100-ИПИ SAXY 595 
100-W1W SAXY 505 
QI Pouiew реџреооу 


uiuojoles 
euues 

әш$оолес 
ешозодпа 
ешушеоИиондоја 
euniuje»Kouedojg 


ешушеојеша 
9:79 Коер әшцоцоИрцецазоца 
9:275 Иэвр әшцоцоИрцецазоца 
ү: /оғір әшіоҷојАрцецаѕоцај 
2:270 Кое!р әшцоцоИрцецавоца 


1270 Изер әшіоцоИрцецавоцсі 
0:270 Изер әшіоцоИрцецазоца 
9:072 Изер eujouoApneudsoud 
$:072 Изер әшіоцојАрцецаѕоца 
$:07Э Изер эциоцоИрцецазоца 
£:0ÿ9 Изер эицоцоИрцечцазоча 
2:07Э оер әшіоцојАрпецаѕоца 
00 Изер әшцоцоИрцецавоца 
9:860 Мое!р әшіоцојАрпецаѕоца 

рипобшо2 


SE лом LOL-99V 23919) 


55210 риподшо? 


("ру seovues jeonApeuy SAXY ÁAueuuoj) 
"р seoiues [eonA[jeuy бАХУ SOS 
э4оэ$ uonejipei22y 


9|qejoq-uoN әде 


ul09|eonÁA[BUe SÁXe" ммм 


7090005 әбед 


saxy ggg 1996 eed LLOZ-des-92 ‘8 ләм EOL-DOV 
ШІ? I981-3QV 91829048) 
EX чу % dv13 aoa 
— EEE 
Pe аз! азнээу (spiepuejs GO sn рие 5002:52041. 231/051) 


УНИЕЗЕЈЕ “981-ЗОУ гјезууго 'рлеод иођеџрәгооу jeuoneN DSV-ISNY SVNV 


үчн, L£9Z у ‘ON чопенралзо у 


му /1, 
SS Ми; VE бицѕә ~ 
DM ~ 
= See E * (puepueys 5002:52041. 931/0S1) 'z£9zv qi чел 
3 “ош uonejpeJoov Алоелодел јој uoreroossy ueipeue?) vivo 
LR 
“г > 
2 NS 


o e B “ 


esuejeg jo juewyedeg sn aoa 

£0000N9 а! 481 “зәзіміә6 џешпн pue циезн Jo шәшиедәг 'иођиглеза pue |одиог) eseesi( 10) 18JU89 ешеу ноа эшеи 
(puepueys оулам) ‘#2209 а! qe1 'зеоимеб Алюзелодел рәјерцоѕиод jo UOISIAIQ *$әэ!л1ә$ |езэиэ9 jo jueuedeg ебли, ѕоа ешблл 
toro а! аел 'Абојо23 jo jueunedeg иојбиузем за чобичзем 

(piepueys OVIIN) ‘PZ9LL GI qe1 ‘чиеэн jo jueuniedeg мод мем HOG 304 мем 

(рлерие}$ OVIIN) 'S00vNVO а! 481 'uonoejoud јеиәшиоллиз Jo зиэшуедэа Аэзлэг мем аза Аэзлэг мәм 

(pyepueis OVIIN) "06%-666-262 а! аел ‘чиеэн jo јџәшуедәд ејовеишуј HOG гјозеџиу 

uonoejoJg |ејџиешиоллиз Jo зиешиедеа емелИзииеа аза eiueAsuueg 

(piepueis 2У13М) ‘2001283 (1 аел 'чуген jo зиэшиедеа ерџоја HOG ерџојз 

(pL0z Penoudde esou әле имоцз seyeue јебјеј) | L6z а! аел ‘циеэн опапа jo зиэшуиедеа етшојцјед Hda е'шојјед 
у Іоиәціѕідошодедә | уава!. 

sjonpoJg 2189 |јеџозлед pue jeonneoeuueug адаа 

seouejsqns Âxleo1onyAjo4 pue -194 SVsd 

sueunj/suixoipozueqip payBULO|YIAJOg заада 

sÂueudig рәјеиџојцоќіоа 82а 

ззәчуәйиәцар рәјешшоздАјос 34084 

SUOQIEDOIPAH эцешолу 9119494104 нуа 

sepionseg euuoju»oueBuo sepionsed 20 

eueoepopojoKoouioJqexeH ааоан 

59153 ојејеујца-оџош pue y joueudsig ааш pue vag 

(Зааяа-иои) sjuepieje) эшеу рејешшоја чаа 

edoos иођеџрелооу X 

рџебеј 


"зебеџеуј оә/о:а Абојоо3 әш jo јелоздде oj 1зе[ап5 ‘иоцейреюэе хеш ѕрцоѕ A60J093 Jo шәшнедәп әўе}$ иозбицзем Jo edoos eu} шцум еу Аеш '5иопеоцаде 
зејемшој5 pue зэблецозр payed ejejs о SIGN 10 uondeoxe eu} цим '/00-v71IN роцјеш SAXVY Aq sejdwes лејем әјде}оа-иои и! зада pue ѕәроцѕәа јо sısÁjeuy 


4910N 
Q foun saxy 595] ai Pourew реџрешооу рипоашоо) 55212 рипобшо2 
> 
> 


аза eluen|Asuued} 


SE “ЛӘМ LOL-DOW 2391 өц 

("РА seoiues jeonApeuy SAX Хиәшіо)) 
“pr seoiues jeonAjeuy SAXY SOS 
edoog uonejipaju22y 


= 
2 
E] 
z 
$ 
3 
7 
е 
5 
5 
Ф 


'џоцешјоји | е ѕәоое | Jns 101 e| ep 
прәл ue епбјпмр јџиешпоод / 9Y џоцешоји 


WOD јео јеџезлхе MMM 
О} 55аезо у ou] Jepuf) рэзеэеч јџешпоод 


ALS 


Hatfield Consultants Date Received: 23-OCT-17 

ATTN: Meghan Isaacs Report Date: 27-MAR-18 13:28 (MT) 
200 - 850 Harbourside Drive еек HENARES 

North Vancouver BC V7P OA3 


Client Phone: 604-926-3621 


Certificate of Analysis 


Lab Work Order #: L2011667 
Project P.O. #: NOT SUBMITTED 
Job Reference: 

C of C Numbers: 

Legal Site Desc: 


Comments: ADDITIONAL 19-JAN- 18 09:37 


Dana Brown, Chem. Tech. DIPL 
Account Manager 


[This report shall not be reproduced except in full without the written authority of the Laboratory.] 


ADDRESS: 9450 17 Avenue NW, Edmonton, AB T6N 1M9 Canada | Phone: «1 780 413 5227 | Fax: «1 780 437 2311 
ALS CANADA LTD Part of the ALS Group An ALS Limited Company 


Enuironmentat JI www.alsglobal.com 


RIGHT SOLUTIONS RIGHT PARTNER 


000605 


Document Released Under the Access to 
Information Act / Bousrneotmivulgué en vertu 
de la Loi sur l'acceRAeEl' iBfefrrBation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


] 


Sample Details/Parameters Result Qualifier* 0.1. Units Extracted Analyzed Batch 
L2011667-1 JCL-1 
Sampled By: CLIENT on 17-OCT-17 @ 11:30 
Matrix: comp 
ABT1 BTEX + Styrene, F1 to F4 
BTEX and F1 
Benzene 0.0130 0.0050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Toluene <0.050 | 0.050 mg/kg | 17-OCT-17 | 30-OCT-17 | R3865022 
Ethylbenzene 0.015 0.010 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
m+p-Xylene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
о-Хујепе <0.050 0.050 mg/kg | 17-OCT-17 | 30-OCT-17 | R3865022 
Styrene «0.050 0.050 mg/kg | 17-OCT-17 | 30-OCT-17 | R3865022 
Xylenes «0.10 0.10 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 1,4-Difluorobenzene (SS) 90.4 70-130 96 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 4-Bromofluorobenzene (SS) 85.7 70-130 % | 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 3,4-Dichlorotoluene (SS) 86.5 70-130 96 17-OCT-17 | 30-OCT-17 | R3865022 
CCME Total Extractable Hydrocarbons | 
Surrogate: 2-Bromobenzotrifluoride 82.3 70-130 % | 26-OCT-17 | 26-OCT-17 | R3870980 
Chrom. to baseline at пС50 NO | 26-OCT-17 | 26-OCT-17 | R3870980 
Prep/Analysis Dates | 26-OCT-17 | 26-OCT-17 | R3870980 
CCME Total Hydrocarbons | | 
F1 (C6-C10) 11 | 10 mg/kg | 01-NOV-17 
F1-BTEX 11 10 mg/kg | 01-МОМ-17 | 
F2 (C10-C16) 110 DLHM 40 mg/kg | 01-NOV-17 | 
ЕЗ (С16-СЗ4) 1500 DLHM 40 mg/kg | 01-МОМ-17 | 
F4 (C34-C50) 1160 DLHM 40 mg/kg 01-NOV-17 | 
F4G-SG (GHH-Silica) 6920 500 mg/kg 01-NOV-17 | 
Total Carbon, TOC and TIC in soil | 
Inorganic Carbon as CaCO3 Equivalent | | | | 
| Inorganic Carbon (as CaCO3 Equivalent) 3.03 | 0.40 % 01-МОМ-17 | | 
| Total Carbon by combustion method | | 
Total Carbon by Combustion 11.7 0.05 % 31-OCT-17 | 31-OCT-17 R3871926 | 
Total Inorganic Carbon in Soil | 
Inorganic Carbon 0.364 0.050 % | 01-NOV-17 | R3871794 
Total Organic Carbon Calculation | | 
Total Organic Carbon 11.3 0.050 | 01-NOV-17 
Miscellaneous Parameters 
% Moisture 64.6 0.50 % 25-OCT-17 | R3867265 
F4G Prep/Analysis Dates 26-OCT-17 | 01-NOV-17 | R3872325 
| Mercury (Hg) 0.0357 0.0050 mg/kg | 20-JAN-18 | 22-JAN-18 |R3941812 | 
Particle Size Analysis:Mini-Pipet Method | 
% Запа (2.0mm - 0.05mm) 16.6 1.0 % 31-OCT-17 | 01-NOV-17 | R3871878 
% Silt (0.05mm - Хит) 70.0 1.0 96 | 31-OCT-17 | 01-NOV-17 | R3871878 
% Clay (<2um) 13.4 | 1.0 % | 31-OCT-17 | 01-МОМ-17 | R3871878 
Тежиге Silt loam | | 31-OCT-17 | 01-NOV-17 | R3871878 
Metals in Soil by CRC ICPMS | 
Aluminum (А!) 5860 50 mg/kg | 03-NOV-17 | 03-NOV-17 | R3874018 
Antimony (Sb) <0.10 0.10 mg/kg 03-NOV-17 | 03-МОМ-17 | R3874018 
Arsenic (As) 3.10 0.10 mg/kg | 03-МОМ-17 | 03-NOV-17 | R3874018 
Barium (Ba) 82.8 0.50 mg/kg | 03-NOV-17 | 03-МОМ-17 | R3874018 
Beryllium (Be) 0.39 0.10 mg/kg | 03-NOV-17 | 03-МОМ-17 | R3874018 
Bismuth (Bi) <0.20 0.20 mg/kg | 03-NOV-17 | 03-NOV-17 | R3874018 
Boron (B) 11.1 5.0 mg/kg | 03-NOV-17 | 03-NOV-17 | R3874018 
Cadmium (Cd) 0.164 0.020 mg/kg | 03-NOV-17 | 03-NOV-17 | R3874018 
Calcium (Ca) 12900 50 mg/kg | 03-NOV-17 | 03-NOV-17 | R3874018 
Chromium (Cr) 11.0 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Cobalt (Co) 6.15 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2011667-1 JCL-1 

Sampled By: CLIENT on 17-OCT-17 @ 11:30 

Matrix: comp 
Metals in Soil by CRC ICPMS 
Copper (Cu) 8.66 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Iron (Fe) 15600 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Lead (Pb) 5.87 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Lithium (Li) 6.8 2.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Magnesium (Mg) 3570 20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Manganese (Mn) 489 1.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Molybdenum (Mo) 0.50 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Nickel (Ni) 12.4 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Phosphorus (P) 517 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Potassium (K) 830 100 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Selenium (Se) 0.25 0.20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Silver (Ag) «0.10 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Sodium (Na) 170 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Strontium (Sr) 41.7 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Sulfur (S) 6800 1000 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Thallium (TI) 0.088 0.050 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Tin (Sn) «2.0 2.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Titanium (Ti) 34.2 1.0 mg/kg 03-МОУ-17 | 03-NOV-17 | R3874018 
Tungsten (W) «0.50 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Uranium (U) 0.847 0.050 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Vanadium (V) 19.6 0.20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Zinc (Zn) 40.5 2.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Zirconium (Zr) 7.6 1.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 

L2011667-2 JCL-2 

Sampled By: CLIENT on 17-OCT-17 @ 13:45 

Matrix: comp 

ABT1 BTEX + Styrene, F1 to F4 
BTEX and F1 
Benzene <0.0050 0.0050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Toluene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Ethylbenzene <0.010 0.010 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
m+p-Xylene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
o-Xylene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Styrene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Xylenes <0.10 0.10 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 1,4-Difluorobenzene (SS) 91.9 70-130 % 17-ОСТ-17 | 30-OCT-17 | R3865022 
Surrogate: 4-Bromofluorobenzene (SS) 90.1 70-130 % 17-ОСТ-17 | 30-OCT-17 | R3865022 
Surrogate: 3,4-Dichlorotoluene (55) 81.7 70-130 % 17-OCT-17 | 30-OCT-17 | R3865022 
CCME Total Extractable Hydrocarbons | 
Surrogate: 2-Bromobenzotrifluoride 81.2 70-130 % 26-OCT-17 | 26-OCT-17 | R3870980 
Chrom. to baseline at nC50 NO | 26-OCT-17 | 26-OCT-17 | R3870980 
Prep/Analysis Dates | 26-OCT-17 | 26-OCT-17 | R3870980 
CCME Total Hydrocarbons 
F1 (C6-C10) 12 10 mg/kg 01-NOV-17 
F1-BTEX 12 10 mg/kg 01-NOV-17 
F2 (C10-C16) 36 20 mg/kg 01-NOV-17 
F3 (C16-C34) 293 20 mg/kg 01-NOV-17 
F4 (C34-C50) 197 20 mg/kg 01-NOV-17 
F4G-SG (GHH-Silica) 1330 500 mg/kg 01-NOV-17 

Total Carbon, TOC and TIC in soil 
Inorganic Carbon as CaCO3 Equivalent 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters 


L2011667-2 JCL-2 
Sampled By: CLIENT on 17-OCT-17 @ 13:45 
Matrix: comp 


Inorganic Carbon as CaCO3 Equivalent 
Inorganic Carbon (as CaCO3 Equivalent) 


Total Carbon by combustion method 
Total Carbon by Combustion 
Total Inorganic Carbon in Soil 
Inorganic Carbon 

Total Organic Carbon Calculation 
Total Organic Carbon 
Miscellaneous Parameters 
% Moisture 

F4G Prep/Analysis Dates 
Mercury (Hg) 

Particle Size Analysis:Mini-Pipet Method 
% Sand (2.0mm - 0.05mm) 

% Silt (0.05mm - 2um) 

% Clay (<2um) 

Texture 

Metals in Soil by CRC ICPMS 
Aluminum (Al) 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Beryllium (Be) 

Bismuth (Bi) 

Boron (B) 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Iron (Fe) 

Lead (Pb) 

Lithium (Li) 

Magnesium (Mg) 

Manganese (Mn) 

Molybdenum (Mo) 

Nickel (Ni) 

Phosphorus (P) 

Potassium (K) 

Selenium (Se) 

Silver (Ag) 

Sodium (Na) 

Strontium (Sr) 

Sulfur (S) 

Thallium (TI) 

Tin (Sn) 

Titanium (Ti) 

Tungsten (W) 

Uranium (U) 

Vanadium (V) 

Zinc (Zn) 

Zirconium (Zr) 


Result Qualifier" D.L. 
1.28 0.40 
3.32 0.05 
0.154 0.050 
3.17 0.050 
40.7 | 0.50 
| 
0.0178 | 0.0050 
| 
59.0 | 1.0 
172 | 1.0 
23.8 | 10 
Sandy clay loam 
5300 50 
0.12 0.10 
2.04 0.10 
49.9 0.50 
0.34 0.10 
«0.20 0.20 
6.0 5.0 
0.063 0.020 
4390 50 
9.56 0.50 
3.81 0.10 
6.09 0.50 
10500 50 
4.29 0.50 
5.3 2.0 
2240 20 
196 1.0 
0.35 0.10 
8.77 0.50 
261 50 
780 100 
«0.20 0.20 
«0.10 0.10 
90 50 
21.4 0.50 
1600 1000 
0.072 0.050 
«2.0 2.0 
50.9 1.0 
«0.50 0.50 
0.411 0.050 
16.7 0.20 
19.6 2.0 
7.9 1.0 


Units 
(———————PáÓMM———Ó(áÓ—tÓ€——— 


% 
% 
% 
% 
% 


mg/kg 


% 
% 
% 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


Extracted 


31-OCT-17 


26-OCT-17 
20-JAN-18 


31-OCT-17 
31-OCT-17 
31-OCT-17 
31-OCT-17 


03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 


Analyzed 


01-NOV-17 
31-OCT-17 
01-NOV-17 
01-NOV-17 


25-OCT-17 
01-NOV-17 
22-JAN-18 


01-NOV-17 
01-NOV-17 
01-NOV-17 
01-NOV-17 


03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 
03-NOV-17 


| R3871926 


Batch 


R3871794 


R3867265 
R3872325 
R3941812 


R3871878 
R3871878 
R3871878 
R3871878 


R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 
R3874018 


R3874018 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* 0.1. Units Extracted Analyzed Batch 

L2011667-3  LIT-1 

Sampled By: CLIENT on 17-OCT-17 @ 13:00 

Matrix: comp 

ABT1 BTEX + Styrene, F1 to F4 
BTEX and F1 
Benzene <0.0050 0.0050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Toluene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Ethylbenzene <0.010 0.010 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
m+p-Xylene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
o-Xylene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Styrene <0.050 0.050 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Xylenes <0.10 0.10 mg/kg 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 1,4-Difluorobenzene (SS) 76.9 70-130 % 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 4-Bromofluorobenzene (SS) 71.2 70-130 % 17-OCT-17 | 30-OCT-17 | R3865022 
Surrogate: 3,4-Dichlorotoluene (SS) 74.1 70-130 % 17-OCT-17 | 30-OCT-17 | R3865022 
CCME Total Extractable Hydrocarbons 
Surrogate: 2-Bromobenzotrifluoride 78.9 70-130 % 26-OCT-17 | 26-OCT-17 | R3870980 
Chrom. to baseline at nC50 NO 26-OCT-17 | 26-OCT-17 | R3870980 
Prep/Analysis Dates 26-OCT-17 | 26-OCT-17 | R3870980 
CCME Total Hydrocarbons | 
F1 (C6-C10) <10 | 10 mg/kg 01-NOV-17 
F1-BTEX «10 10 mg/kg 01-NOV-17 
F2 (C10-C16) 20 20 mg/kg 01-NOV-17 
F3 (C16-C34) 580 20 mg/kg 01-NOV-17 
F4 (C34-C50) 484 20 mg/kg 01-NOV-17 
F4G-SG (GHH-Silica) 3320 500 mg/kg 01-NOV-17 

Total Carbon, TOC and TIC in soil 
Inorganic Carbon as Сасоз Equivalent 
Inorganic Carbon (as CaCO3 Equivalent) 1.32 0.40 96 01-NOV-17 
Total Carbon by combustion method | 
Total Carbon by Combustion 4.42 0.05 % 31-OCT-17 | 31-OCT-17 | R3871926 
Total Inorganic Carbon in Soil | 
Inorganic Carbon 0.159 0.050 % | 01-МОМ-17 | R3871794 
Total Organic Carbon Calculation 
Total Organic Carbon 4.26 0.050 % 01-NOV-17 
Miscellaneous Parameters 
% Moisture 50.6 0.50 % 25-OCT-17 | R3867265 
F4G Prep/Analysis Dates 26-OCT-17 | 01-NOV-17 | R3872325 
Mercury (Hg) 0.0129 0.0050 mg/kg 20-JAN-18 | 22-JAN-18 | R3941812 
Particle Size Analysis:Mini-Pipet Method 
% Sand (2.0mm - 0.05mm) 70.2 1.0 % 31-OCT-17 | 01-NOV-17 | R3871878 
% Silt (0.05mm - 2um) 23.0 1.0 % 31-ОСТ-17 | 01-МОМ-17 | R3871878 
% Сіау (<2ит) 6.8 1.0 % 31-OCT-17 | 01-МОМ-17 | R3871878 
Техшге Sandy loam 31-OCT-17 | 01-МОМ-17 | R3871878 
Metals in Soil by CRC ICPMS 
Aluminum (Al) 2210 50 mg/kg 03-NOV-17 | 03-МОМ-17 | R3874018 
Antimony (Sb) <0.10 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Arsenic (As) 1.26 0.10 mg/kg 03-МОУ-17 | 03-NOV-17 | R3874018 
Barium (Ba) 36.5 0.50 mg/kg 03-МОУ-17 | 03-NOV-17 | R3874018 
Beryllium (Be) 0.15 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Bismuth (Bi) «0.20 0.20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Boron (B) 6.5 5.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Cadmium (Cd) 0.063 0.020 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Calcium (Ca) 4310 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Chromium (Cr) 4.56 0.50 mg/kg 03-МОУ-17 | 03-NOV-17 | R3874018 
Cobalt (Co) 2.14 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 


L2011667-3  LIT-1 
Sampled By: CLIENT on 17-OCT-17 @ 13:00 


Matrix: comp 

Metals in Soil by CRC ICPMS 

Copper (Cu) 3.04 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Iron (Fe) 6500 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Lead (Pb) 2.12 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Lithium (Li) «2.0 2.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Magnesium (Mg) 1150 20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Manganese (Mn) 335 1.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Molybdenum (Mo) 0.26 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Nickel (Ni) 4.99 | 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Phosphorus (P) 215 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Potassium (K) 380 100 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Selenium (Se) «0.20 0.20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Silver (Ag) «0.10 0.10 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Sodium (Na) 72 50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Strontium (Sr) 20.4 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Sulfur (S) 1400 1000 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Thallium (TI) «0.050 0.050 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Tin (Sn) «2.0 2.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Titanium (Ti) 31.9 1.0 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Tungsten (W) «0.50 | 0.50 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Uranium (U) 0.309 0.050 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Vanadium (V) 7.96 0.20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Zinc (Zn) 13.0 | 20 mg/kg 03-NOV-17 | 03-NOV-17 | R3874018 
Zirconium (Zr) 2.3 | 1.0 mg/kg 03-МОМ-17 | 03-NOV-17 | R3874018 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Parameter Qualifier Key: К u 

Qualifier Description 

DLHM Detection Limit Adjusted: Sample has High Moisture Content 
Test Method References: | 

ALS Test Code Matrix Test Description Method Reference** 

BTXS,F1-MEOH-ED Soil BTEX and F1 EPA 8260C/5021A and CWS PHC Tier 1 


This analysis involves the extraction of a subsample of the sediment/soil with methanol added in the field at the time of subsampling. The soil methanol 
extract is added to water and reagents, then heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas 
chromatograph. BTX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is 
carried out in accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method (2001). 


C-TIC-PCT-SK Soil Total Inorganic Carbon in Soil CSSS (2008) P216-217 


A known quantity of acetic acid is consumed by reaction with carbonates in the soil. The pH of the resulting solution is measured and compared against 
a standard curve relating pH to weight of carbonate. 


C-TOC-CALC-SK Soil Total Organic Carbon Calculation CSSS (2008) 21.2 


Total Organic Carbon (TOC) is calculated by the difference between total carbon (TC) and total inorganic carbon. (TIC) 


C-TOT-LECO-SK Soil Total Carbon by combustion method CSSS (2008) 21.2 


The sample is ignited in a combustion analyzer where carbon in the reduced CO2 gas is determined using a thermal conductivity detector. 


F1-4-CALC-ED Soil CCME Total Hydrocarbons CCME CWS-PHC, Pub #1310, Dec 2001 
Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS PHC. 


Hydrocarbon results are expressed on a dry weight basis. 


In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines and 
the gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons. 

In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes has 
been subtracted from F1. 


In samples where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2. F3-PAH 
represents a result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo(a,h)anthracene, 
Fluoranthene, Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3. 


Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range: 

1. All extraction and analysis holding times were met. 

2. Instrument performance showing response factors for C6 and C10 within 3096 of the response factor for toluene. 
3. Linearity of gasoline response within 15% throughout the calibration range. 


Unless otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges: 

1. All extraction and analysis holding times were met. 

2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average. 

3. Instrument performance showing the C50 response factor within 3096 of the average of the C10, C16 and C34 response factors. 
4. Linearity of diesel or motor oil response within 1596 throughout the calibration range. 


F2-4-TMB-ED Soil CCME Total Extractable Hydrocarbons CCME CWS-PHC, Pub #1310, Dec 2001 


This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment" For C10 to C50 hydrocarbons (F2, F3, F4) and gravimetric heavy hydrocarbons (F4G-sg), a 
subsample of the sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor. The extract undergoes a silica-gel clean-up to remove 
polar compounds. F2, ЕЗ & F4 are analyzed by on-column GC/FID, and F4G-sg is analyzed gravimetrically. 


Notes: 

. F2 (C10-C16): Sum of all hydrocarbons that elute between nC10 and nC16. 

. F3 (C16-C34): Sum of all hydrocarbons that elute between nC16 and nC34. 

. F4 (C34-C50): Sum of all hydrocarbons that elute between nC34 and nC50. 

. FAG: Gravimetric Heavy Hydrocarbons 

. FAG-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment. 

. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant 
CCME standard for F4. 

7. The gravimetric heavy hydrocarbon results (F4G-sg), cannot be added to the C6 to C50 hydrocarbon results. 
8. This method is validated for use. 

9. Data from analysis of quality control samples is available upon request. 

10. Reported results are expressed as milligrams per dry kilogram. 


O O1 B © N = 


F4G-TMB-ED Soil ССМЕ Gravimetric Heavy Hydrocarbons (SG) ССМЕ CWS-PHC, Pub #1310, Dec 2001 
HG-200.2-CVAA-ED Soil Mercury in Soil by CVAAS EPA 200.2/1631E (Mod) 
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Test Method References: 
ALS Test Code 


Matrix Test Description Method Reference** 


Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CVAAS. 


IC-CACO3-CALC-SK Soil Inorganic Carbon as CaCO3 Equivalent Calculation 
MET-200.2-CCMS-ED Soil Metals in Soil by CRC ICPMS EPA 200.2/6020A (mod) 


This method uses a heated strong acid digestion with HNO3 and НС! and is intended to liberate metals that may be environmentally available. Silicate 
minerals are not solubilized. Dependent on sample matrix, some metals may be only partially recovered, including Al, Ba, Be, Cr, Sr, Ti, TI, V, W, and 
Zr. Volatile forms of sulfur (including sulfide) may not be captured, as they may be lost during sampling, storage, or digestion. Analysis is by 
Collision/Reaction Cell ICPMS. 


PREP-MOISTURE-ED Soil % Moisture Oven dry 105C-Gravimetric 


The weighed portion of soil is placed in a 105 C oven to dry to a constant weight; the drying time will vary based on the moisture content of the soil. The 
dried soil weight is then used to calculate % moisture. 


Reference: ASTM D2974-00. 
PSA-1-SK Soil Particle Size Analysis:Mini-Pipet Method SSIR-51 Method 3.2.1 


Dry, < 2 mm soil is treated with sodium hexametaphosphate to ensure complete dispersion of primary soil particles. The homogenized suspension is 
allowed to settle in accordance with Stoke's Law so that only clay particles remain in suspension.To determine the clay fraction, an aliquot of the clay 
suspension is removed, then dried and weighed. The sand fraction is determined by wet sieving the remaining suspension, then drying and weighing the 
sand retained on the sieve. The silt fraction is determined by calculation where % Silt = 100 - (%Sand+%Clay) 


Reference: 


Burt, R. (2009). Soil Survey Field and Laboratory Methods Manual. Soil Survey Investigations Report No. 5. Method 3.2.1.2.2. United States 
Department of Agriculture Natural Resources Conservation Service. 


Kalra, Y.P., Maynard, D.G. 1991. Methods manual for forest soil and plant analysis. Forestry Canada. p. 42-45. 


** ALS test methods may incorporate modifications from specified reference methods to improve performance. 


The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below: 


Laboratory Definition Code Laboratory Location 
SK ALS ENVIRONMENTAL - SASKATOON, SASKATCHEWAN, CANADA 
ED ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA 


Chain of Custody Numbers: 


GLOSSARY OF REPORT TERMS 

Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there. 

mg/kg - milligrams per kilogram based on dry weight of sample 

mg/kg wwt - milligrams per kilogram based on wet weight of sample 

mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 

mg/L - unit of concentration based on volume, parts per million. 

« -Less than. 

D.L. - The reporting limit. 

N/A - Result not available. Refer to qualifier code and definition for explanation. 


Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 


Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 
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Client: Hatfield Consultants 
200 - 850 Harbourside Drive 
North Vancouver BC V7P 0A3 


Contact: Meghan Isaacs 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
BTXS,F1-MEOH-ED Soil 
Batch R3865022 
WG2650494-4 DUP L2011667-1 
Benzene 0.0130 0.0055 J mg/kg 0.0075 0.01 30-OCT-17 
Toluene <0.050 <0.050 RPD-NA mg/kg N/A 30 30-OCT-17 
Ethylbenzene 0.015 0.013 mg/kg 18 30 30-OCT-17 
m+p-Xylene <0.050 <0.050 RPD-NA mg/kg N/A 30 30-OCT-17 
о-Хујепе <0.050 <0.050 RPD-NA mg/kg N/A 30 30-OCT-17 
Styrene <0.050 <0.050 RPD-NA mg/kg N/A 30 30-OCT-17 
WG2650494-2 LCS 
Benzene 97.6 % 70-130 30-OCT-17 
Toluene 91.6 % 70-130 30-OCT-17 
Ethylbenzene 80.5 % 70-130 30-OCT-17 
m+p-Xylene 89.0 % 70-130 30-OCT-17 
o-Xylene 90.1 % 70-130 30-OCT-17 
Styrene 94.8 % 70-130 30-OCT-17 
WG2650494-1 MB 
Benzene <0.0050 mg/kg 0.005 30-OCT-17 
Toluene <0.050 mg/kg 0.05 30-OCT-17 
Ethylbenzene <0.010 mg/kg 0.01 30-OCT-17 
m+p-Xylene <0.050 mg/kg 0.05 30-OCT-17 
о-Хујепе <0.050 mg/kg 0.05 30-OCT-17 
Styrene <0.050 mg/kg 0.05 30-OCT-17 
Surrogate: 1,4-Difluorobenzene (SS) 95.6 % 70-130 30-OCT-17 
Surrogate: 4-Bromofluorobenzene (SS) 85.7 % 70-130 30-OCT-17 
Surrogate: 3,4-Dichlorotoluene (SS) 106.4 % 70-130 30-OCT-17 
WG2650494-5 MS L2011667-2 
Benzene 92.4 % 50-140 30-OCT-17 
Toluene 91.6 % 50-140 30-OCT-17 
Ethylbenzene 90.3 % 50-140 30-OCT-17 
m+p-Xylene 94.8 % 50-140 30-OCT-17 
о-Хујепе 101.7 % 50-140 30-OCT-17 
Styrene 92.6 % 50-140 30-OCT-17 
C-TIC-PCT-SK Soil 
Batch R3871794 
WG2650564-1 DUP L2011667-3 
Inorganic Carbon 0.159 0.154 % 3.1 20 01-NOV-17 


WG2650564-2 LCS 
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Quality Control Report 
Workorder: L2011667 Report Date: 27-MAR-18 Page 2 of 8 
Test Matrix Reference Result Units Limit Analyzed 
C-TIC-PCT-SK Soil 
Batch R3871794 
WG2650564-2 LCS 
Inorganic Carbon 97.3 % 80-120 01-NOV-17 
WG2650564-3 MB 
Inorganic Carbon <0.050 % 0.05 01-МОМ-17 
C-TOT-LECO-SK Soil 
Batch R3871926 
WG2650413-2 IRM 08-109 SOIL 
Total Carbon by Combustion 100.3 % 80-120 31-ОСТ-17 
WG2650413-3 MB 
Total Carbon by Combustion «0.05 % 0.05 31-OCT-17 
F2-4-TMB-ED Soil 
Batch R3870980 
WG2648380-3 IRM ALS РНС2 RM 
F2 (С10-С16) 87.3 % 70-130 26-OCT-17 
F3 (C16-C34) 95.7 % 70-130 26-ОСТ-17 
F4 (C34-C50) 102.2 % 70-130 26-OCT-17 
WG2648380-2 LCS 
F2 (C10-C16) 108.6 % 70-130 26-OCT-17 
F3 (C16-C34) 105.8 % 70-130 26-OCT-17 
F4 (C34-C50) 104.7 % 70-130 26-OCT-17 
WG2648380-1 MB 
F2 (C10-C16) <20 mg/kg 20 26-OCT-17 
F3 (C16-C34) <20 mg/kg 20 26-OCT-17 
F4 (C34-C50) <20 mg/kg 20 26-OCT-17 
Surrogate: 2-Bromobenzotrifluoride 81.8 % 70-130 26-OCT-17 
F4G-TMB-ED Soil 
Batch R3872325 
WG2654676-2 IRM ALS PHC2 RM 
Gravimetric Heavy Hydrocarbons (Silica) 94.3 % 70-130 01-МОМ-17 
WG2654676-1 МВ 
Gravimetric Heavy Hydrocarbons (Silica) <500 mg/kg 500 01-NOV-17 
HG-200.2-CVAA-ED Soil 
Batch R3941812 
WG2702155-3 CRM TILL-1 SOIL 
Mercury (Hg) 88.8 % 70-130 22-JAN-18 
WG2702155-2 LCS 
Mercury (Hg) 102.0 % 70-130 22-JAN-18 
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Environmental 
Quality Control Report 
Workorder: L2011667 Report Date: 27-MAR-18 Page 3 of 8 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
HG-200.2-CVAA-ED Soil 
Batch R3941812 
WG2702155-1 MB 
Mercury (Hg) <0.0050 mg/kg 0.005 22-JAN-18 
MET-200.2-CCMS-ED Soil 
Batch R3874018 
WG2655835-3 CRM TILL-1 SOIL 
Aluminum (Al) 93.6 % 70-130 03-МОМ-17 
Antimony (56) 125.3 % 70-130 03-МОМ-17 
Агзепїс (Аз) 98.7 % 70-130 03-МОМ-17 
Вапит (Ва) 92.8 % 70-130 03-МОМ-17 
Beryllium (Ве) 102.6 % 70-130 03-МОМ-17 
Bismuth (Bi) 109.6 % 70-130 03-МОМ-17 
Вогоп (В) 5.3 mg/kg 0-8.2 03-NOV-17 
Cadmium (Cd) 95.5 % 70-130 03-МОМ-17 
Calcium (Са) 93.8 % 70-130 03-МОМ-17 
Сһготїит (Сг) 96.8 % 70-130 03-МОМ-17 
Cobalt (Co) 97.0 % 70-130 03-NOV-17 
Copper (Cu) 98.2 % 70-130 03-МОМ-17 
Iron (Fe) 96.6 % 70-130 03-МОМ-17 
Lead (Pb) 102.2 % 70-130 03-МОМ-17 
Lithium (Li) 100.0 % 70-130 03-МОМ-17 
Magnesium (Ма) 100.2 % 70-130 03-NOV-17 
Manganese (Mn) 96.5 % 70-130 03-NOV-17 
Molybdenum (Mo) 102.6 % 70-130 03-МОМ-17 
Nickel (Ni) 98.1 % 70-130 03-МОМ-17 
Phosphorus (Р) 103.4 % 70-130 03-МОМ-17 
Potassium (К) 89.5 % 70-130 03-МОМ-17 
Selenium (Se) 0.35 mg/kg 0.11-0.51 03-МОУ-17 
Silver (Ag) 0.25 mg/kg 0.13-0.33 03-МОУ-17 
Sodium (Na) 93.9 % 70-130 03-МОМ-17 
Strontium (Sr) 93.6 % 70-130 03-МОМ-17 
Tin (Sn) 1.1 mg/kg 0-3.1 03-NOV-17 
Titanium (Ti) 88.0 % 70-130 03-МОМ-17 
Tungsten (W) 0.18 mg/kg 0-0.66 03-NOV-17 
Uranium (U) 102.0 % 70-130 03-МОМ-17 
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Quality Control Report 
Workorder: L2011667 Report Date: 27-MAR-18 Page 4 of 8 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R3874018 
WG2655835-3 CRM TILL-1 SOIL 
Vanadium (V) 96.0 % 70-130 03-МОМ-17 
Zinc (Zn) 95.8 % 70-130 03-NOV-17 
Zirconium (Zr) 0.9 mg/kg 0-1.8 03-NOV-17 
WG2655835-2 LCS 
Aluminum (Al) 100.2 % 80-120 03-МОМ-17 
Antimony (56) 105.4 % 80-120 03-МОМ-17 
Arsenic (As) 103.1 % 80-120 03-NOV-17 
Barium (Ba) 98.8 % 80-120 03-МОМ-17 
Beryllium (Ве) 108.8 % 80-120 03-МОМ-17 
Bismuth (Bi) 99.4 % 80-120 03-МОМ-17 
Вогоп (В) 100.1 % 80-120 03-МОМ-17 
Cadmium (Са) 103.8 % 80-120 03-МОМ-17 
Calcium (Са) 102.8 % 80-120 03-МОМ-17 
Chromium (Cr) 101.1 % 80-120 03-NOV-17 
Cobalt (Co) 98.9 % 80-120 03-МОМ-17 
Соррег (Си) 100.3 % 80-120 03-МОМ-17 
Iron (Fe) 100.8 % 80-120 03-МОМ-17 
Lead (Pb) 101.8 % 80-120 03-NOV-17 
Lithium (Li) 106.2 80-120 03-NOV-17 
Magnesium (Mg) 106.9 % 80-120 03-МОМ-17 
Manganese (Mn) 100.9 % 80-120 03-МОМ-17 
Мојубдепит (Мо) 103.2 % 80-120 03-МОМ-17 
Nickel (Ni) 100.1 80-120 03-NOV-17 
Phosphorus (P) 109.3 % 80-120 03-МОМ-17 
Potassium (К) 104.2 % 80-120 03-МОМ-17 
Selenium (Se) 101.0 % 80-120 03-NOV-17 
Silver (Ag) 110.9 % 80-120 03-NOV-17 
Sodium (Na) 106.7 % 80-120 03-NOV-17 
Strontium (Sr) 102.6 % 80-120 03-NOV-17 
Sulfur (S) 113.5 % 80-120 03-МОМ-17 
Thallium (TI) 101.1 % 80-120 03-NOV-17 
Tin (Sn) 102.2 % 80-120 03-МОМ-17 
Titanium (Ti) 97.9 % 80-120 03-МОМ-17 
Tungsten (W) 103.8 80-120 03-NOV-17 
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Workorder: L2011667 Report Date: 27-MAR-18 Page 5 of 8 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R3874018 
WG2655835-2 LCS 
Uranium (U) 105.7 % 80-120 03-МОМ-17 
Vanadium (М) 103.8 % 80-120 03-МОМ-17 
Zinc (Zn) 95.1 % 80-120 03-NOV-17 
Zirconium (Zr) 99.9 % 80-120 03-МОМ-17 
WG2655835-1 MB 
Aluminum (Al) «50 mg/kg 50 03-NOV-17 
Antimony (Sb) «0.10 mg/kg 0.1 03-NOV-17 
Arsenic (As) «0.10 mg/kg 0.1 03-NOV-17 
Barium (Ba) «0.50 mg/kg 0.5 03-NOV-17 
Beryllium (Be) «0.10 mg/kg 0.1 03-NOV-17 
Bismuth (Bi) «0.20 mg/kg 0.2 03-NOV-17 
Boron (B) «5.0 mg/kg 5 03-NOV-17 
Cadmium (Cd) «0.020 mg/kg 0.02 03-NOV-17 
Calcium (Ca) «50 mg/kg 50 03-NOV-17 
Chromium (Cr) «0.50 mg/kg 0.5 03-NOV-17 
Cobalt (Co) «0.10 mg/kg 0.1 03-NOV-17 
Copper (Cu) «0.50 mg/kg 0.5 03-NOV-17 
Iron (Fe) «50 mg/kg 50 03-NOV-17 
Lead (Pb) «0.50 mg/kg 0.5 03-NOV-17 
Lithium (Li) «2.0 mg/kg 2 03-NOV-17 
Magnesium (Mg) «20 mg/kg 20 03-NOV-17 
Manganese (Mn) «1.0 mg/kg 1 03-NOV-17 
Molybdenum (Mo) «0.10 mg/kg 0.1 03-NOV-17 
Nickel (Ni) «0.50 mg/kg 0.5 03-NOV-17 
Phosphorus (P) «50 mg/kg 50 03-NOV-17 
Potassium (K) «100 mg/kg 100 03-NOV-17 
Selenium (Se) «0.20 mg/kg 0.2 03-NOV-17 
Silver (Ag) «0.10 mg/kg 0.1 03-NOV-17 
Sodium (Na) «50 mg/kg 50 03-NOV-17 
Strontium (Sr) «0.50 mg/kg 0.5 03-NOV-17 
Sulfur (S) «1000 mg/kg 1000 03-NOV-17 
Thallium (TI) «0.050 mg/kg 0.05 03-NOV-17 
Tin (Sn) «2.0 mg/kg 2 03-NOV-17 
Titanium (Ti) «1.0 mg/kg 1 03-NOV-17 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R3874018 
WG2655835-1 MB 
Tungsten (W) <0.50 mg/kg 0.5 03-NOV-17 
Uranium (U) <0.050 mg/kg 0.05 03-NOV-17 
Vanadium (V) <0.20 mg/kg 0.2 03-NOV-17 
Zinc (Zn) <2.0 mg/kg 2 03-NOV-17 
Zirconium (Zr) <1.0 mg/kg 1 03-NOV-17 
PREP-MOISTURE-ED Soil 
Batch R3867265 
WG2648599-5 LCS 
% Moisture 100.6 % 90-110 25-ОСТ-17 
WG2648599-4 MB 
% Moisture <0.50 % 0.5 25-ОСТ-17 
Р5А-1-5К Soil 
Batch R3871878 
WG2650861-2 IRM 2017-PSA 
% Sand (2.0mm - 0.05mm) 53.2 % 45.8-55.8 01-МОУ-17 
% Silt (0.05mm - ит) 31.1 % 28.6-38.6 — 01-NOV-17 
% Clay («2um) 15.7 % 10.6-20.6 01-МОУ-17 
WG2650861-3 MB 
% Запа (2.0mm - 0.05mm) 100 % 105 01-МОМ-17 
% Silt (0.05mm - Хит) <1.0 % 1 01-МОМ-17 
% Clay (<2um) «1.0 % 1 01-МОМ-17 
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Limit ALS Control Limit (Data Quality Objectives) 
DUP Duplicate 

RPD Relative Percent Difference 

N/A Not Available 

LCS Laboratory Control Sample 

SRM Standard Reference Material 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

ADE Average Desorption Efficiency 

MB Method Blank 

IRM Internal Reference Material 

CRM Certified Reference Material 

CCV Continuing Calibration Verification 
CVS Calibration Verification Standard 
LCSD Laboratory Control Sample Duplicate 


Sample Parameter Qualifier Definitions: 


Qualifier Description 
J Duplicate results and limits are expressed in terms of absolute difference. 
RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit. 
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Workorder: L2011667 Report Date: 27-MAR-18 Page 8 of 8 
Hold Time Exceedances: 
Sample Е 
ALS Product Description ID Sampling Date Date Processed Rec. HT  Actual HT Units Qualifier 
Metals 
Mercury in Soil by CVAAS 

1 17-OCT-17 11:30 20-JAN-18 00:00 28 95 days EHT 

2 17-OCT-17 13:45 20-JAN-18 00:00 28 94 days EHT 

3 17-OCT-17 13:00 20-JAN-18 00:00 28 94 days EHT 
Legend & Qualifier Definitions: | = 
EHTR-FM: Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended. 
EHTR: Exceeded ALS recommended hold time prior to sample receipt. 
EHTL: Exceeded ALS recommended hold time prior to analysis. Sample was received less than 24 hours prior to expiry. 
EHT: Exceeded ALS recommended hold time prior to analysis. 
Rec. HT: ALS recommended hold time (see units). 
Notes”: 


Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes. 
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is 
used for calculation purposes. Samples for L2011667 were received on 23-OCT-17 16:25. 


ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government 
requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 


US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS. 


The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met. Each QC result has a known or expected target value, which is compared against pre- 


determined data quality objectives to provide confidence in the accuracy of associated test results. 


Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 


Work Order. 
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Chrom Perfect Chromatogram Report 


Hydrocarbon Distribution Report 


AUS 
ALS Sample ID: L2011667-1 
Client ID: JCL-1 
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nc10 nc16 nc34 nc5o 
174°C 287°C 481°C 575°C 
Henz 549°F 898°F 1067°F 
<— Gasoline > <— Motor Oils/ Lube Oils/ Grease ————» 
| Diesel/ Jet Fuels —> 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 01/02/2018 11:04:23 AM Page 1 of 1 
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Chrom Perfect Chromatogram Report 


Hydrocarbon Distribution Report 


ALS 
ALS Sample ID: L2011667-2 
Client ID: JCL-2 
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174°C 287°C 481*C 575*C 
346°F 549°F 898°F 1067°F 
<— Gasoline > <— Motor Oils/ Lube Oils/ Grease ----> 
Diesel/ Jet Fuels > 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 01/02/2018 11:04:26 AM Page 1 of 1 
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Chrom Perfect Chromatogram Report 


Hudrocarbon Distribution Report 


ALS 
ALS Sample ID: L2011667-3 
Client ID: LIT-1 
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<— Gasoline > <— Motor Oils/ Lube Oils/ Grease > 
Diesel/ Jet Fuels > 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to а$515ї you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 01/02/2018 11:04:29 AM Page 1 of 1 
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Freshwater Sediment Toxicity Testing using Chironomus а ићи land Hyaletla d2teca 


EXECUTIVE SUMMARY 


Two freshwater sediment samples were collected on October 17, 2017. The samples arrived at 
Маххат, in good condition, on October 25, 2017. 


The following freshwater sediment toxicity tests were conducted on the samples; a 10 day 
survival and growth test with the freshwater midge, Chironomus dilutus, and a 14 day survival 
and growth test with the freshwater amphipod, Hyalella azteca. 


Both the Chironomus test and the Hyalella test were initiated within their respective hold times 
with the Hyalella test ending on December 07, 2017 and the Chironomus test ending on 
December 01, 2017. All samples were statistically assessed against negative control for both 
tests. 


Details regarding the test results, methods, test conditions, organism acclimation, and quality 
control measures are summarised within the report. All tabulated data, raw data, and 
associated supporting documents are located within the report appendices. 


Each test was considered valid as survival and growth in the negative control(s) met the validity 
criteria outlined in the associated reference methods. 


Maxxam Analytics 
i 
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Freshwater Sediment Toxicity Testing using Chironomus ditutds andHyalella-azteca 


TABLE OF CONTENTS 


1. -SEDIMENT DESCRIPTION, tt 1 
1:1: < Sample Поганое ан 1 

1.2: -Negative Control Sediments и е eee Radin tates deve ie p ee LE eye YN бегін 1 

1,3. ‘Porewater Characterization: coto а анааан Roe Let n ыы барын 2 

2 10 DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH ТЕЅТ......................................... 3 
2715 Tést Methods uec ИНЬ НОИ Даа 3 

2.2: "Organism Information... inerte ee ck etn eet nn tint a Ei ea 4 
2.2.1 Organism Acclimation and Holding Information ......... 8 .. 4 

2.2.2. “Organism: Неа ћи e Ert tei eee eet tra ene oe ta Eo i He вара дра; 4 

2.23 Organis MABE cioe eden eer ы балына тана Йа сін 4 

2.3; > Test Ссопашо и Em 4 

2.4. Quality Assurance/Quality Соп Он иизин seen 6 
2:4.1 Reference Toxicant Results... onines нее наара айақ рлы 6 

2.4:2- - Test Validity Criteria с ар creer re reete eer ва урин bees Peer ныб: 6 

2:5.  RESUITS MPH 6 
2.5.1: Баға Апа у: здании лилий данные 7 

2:6- (DEVIATIONS CEDE 7 

3 14 DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST ................................................. 8 
3.1. Test Methods... e ate eta reti e ede dte ort Etre RAE екеін 8 

222: *Organism:InformoatiOTni iiti cte D Herde о etes desert 9 
3.2.1 Acclimation and Holding Information... 9 

3:2.2. Organism Health. tre erre ар 9 

3.2.3 Organlsm' Аре cie на пина а А нна nantes in re ete ete 9 

3,3 Test Conditlons::.... 5 iet e pee iet i t etse ot йынан корны ы ыы 9 

3.4 Quality Assurance/Quality Control... 11 
3.4.1 Reference Toxicant Results... 11 

342" Test Validity Criteria sc. хлора 11 


Maxxam Analytics 
ii 


000628 


Freshwater Sediment Toxicity Testing using Chironomus difutas'dndHyalella azteca 


3.5^ "Results. ce торе Ио они 11 
315.1 Data Analysis: aeneo КУКУ ман atico ина 12 
3:6. Deviations... iei e eere dee fete ette rate tirer ten TER 12 
4- "REFERENCES... (52e aine rero ete He вета аза REIP E ER еее анааан 13 
APPENDICES 
A Sample InformationA-1 
B 10-day Chironomus dilutus Survival and Growth Test 
C 14-Day Hyalella azteca Growth and Survival Test 


Maxxam Analytics 


000629 


Freshwater Sediment Toxicity Testing using Chironomus ditutas.dnd*Hyaléllac&zteed |! 


LIST OF TABLES 
Table 1-1 Physiochemical Characterisation of Yaquina Bay Beach Ѕапа........................... 1 
Table 2-1 Test Conditions for the 10-day Chironomus dilutus Теѕї................................... 5 
Table 2-2 Reference Toxicant Test Result for Chironomus dilutus .................................... 6 
Table 2-3 Results for Mean Chironomus dilutus Survival and Growth .............................. 7 
Table 3-1 Test Conditions for the 14-day Hyalella azteca Теѕї....................................... 10 
Table 3-2 Reference Toxicant Test Results for Hyalella azteca ....................................... 11 
Table 3-3 Results for Mean Hyalella azteca Survival and СгомҺ................................... 12 


Maxxam Analytics 


iv 


000630 


SECTION 
1 


1.1 


1:2 


Table 1-1 


Freshwater Sediment Toxicity Testing using Chironomus Hitutüs.dnd-Hyalella-ázteca 


SEDIMENT DESCRIPTION 


Sample Information 


Two freshwater sediment samples were collected on October 17, 2017. The samples arrived at 
Maxxam, in good condition, on October 25, 2017. 


Samples were collected separately for total organic carbon content, and moisture content. The 
data for these analyses were sent directly to the client, and are not included in this report. Grain 
size analysis was not requested by the client. 


All tests were initiated within their respective hold times. Sample information, including sample 
descriptions, porewater ammonia analyses, and water quality data are located in Appendix A. 
Upon opening the sample containers, a description of each sample was recorded (“Sediment 
Sample Descriptions" in Appendix A). 


Prior to testing, the sample was thoroughly homogenized, using a stainless steel spoon. Any 
headspace in the sample container was purged with nitrogen gas prior to re-sealing it in order to 
prevent oxidation of the sediment during storage. When not in use, the sediments were stored 
in the dark at 4 + 2°С. 


Negative Control Sediment 


The control sediment (negative control) for the toxicity tests was collected from Yaquina Bay, 
Newport, Oregon, by staff of Northwestern Aquatic Sciences. This beach sand has been used as 
a negative control in previous studies within our laboratory, and has been found to be non-toxic 
to a variety of organisms. It was wet sieved through 500 um stainless steel mesh and thoroughly 
washed with the appropriate control water before use in the tests. 


Physiochemical Characterisation of Yaquina Bay Beach Sand 


Total Organic Carbon Moisture Content Sand Silt Clay 
(mg/kg) (76) (%) (%) (%) 
<500 16 98 2.3 <2.0 
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Porewater Characterization 


On Day -1 of Chironomus testing, a seventh replicate of each sample was prepared, filled with 
reconstituted control water and aerated overnight, along with the test vessels. The following 
morning, the overlying water in the seventh replicate of each sample was decanted and aliquots 
of the sediment were distributed into 500 mL polycarbonate bottles. Nitrogen gas was placed 
over the sediments prior to centrifuging for 20 minutes at “5,000 rpm. The resulting porewater 
was carefully decanted and analysed for ammonia, pH, and temperature. 


Analysis of ammonia in porewater was performed at the Maxxam Environmental Inorganic 
Water Laboratory. The total ammonia concentrations as N (mg/L) in the samples, was measured 
under basic conditions using the Berthelot reaction in the presence of EDTA. A sample was 
treated sequentially until a blue indophenol complex formed, which could then be measured 
photometrically at 660 nm. 


Results of ammonia, temperature, and pH in porewater analyses for each of the test samples 
are available in Appendix A. 
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SECTION 
2 10 DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST 
2:1 Test Methods 


The survival and growth of Chironomus dilutus larvae, when exposed to whole sediment samples 
for 10 days, was assessed according to the Maxxam Standard Operating Procedure: Chironomus 
dilutus 10-Day Survival and Growth Test (BBY2SOP-00010), which is based on the Environment 
Canada Biological Test Method: Test for Survival and Growth in Sediment Using the Larvae of 
Freshwater Midges (Chironomus tentans or Chironomus riparius) (EPS 1/RM/32). 


One day prior to test initiation, the field replicates were individually homogenized, and a 100 mL 
aliquot was distributed into a 375 mL labelled test vessel. Reconstituted moderately hard water 
was then slowly added to the vessel by pouring a stream of water onto a Plexiglas baffle to 
minimize disturbing the sediment layer. The test vessels were then randomized on the bench 
top, and airlines and lids were fitted to each test vessel. 


A composite sample was produced by combining equal portions of each field replicate. Then, 
100 mL of the composite sample was distributed into a sixth and seventh replicate test vessels 
for water quality and porewater measurements. 


The following day, aliquots of overlying water were removed from the test vessels for initial 
overlying water chemistry. The sixth replicate test vessel was used for water quality 
measurements for the duration of the test and the seventh replicate was decanted and 
centrifuged to extract porewater for ammonia, temperature, and pH measurements (see 
Section 1.3). To initiate the test, ten larval chironomids were randomly selected from their 
holding containers and directly seeded into the test vessels. 


During the test, daily observations and aeration checks were performed. Temperature and 
dissolved oxygen measurements were taken three times per week in the test vessels designated 
for water quality measurements. Test vessels were also fed 3.75 mL Tetramin'" flakes, prepared 
as a 4 g dry solids/L slurry, on the days water quality measurements were taken. 


At test termination, the contents of each test vessel were sieved through a 500 um sieve in 
order to retrieve the live larval midges. The number of larvae found was recorded along with 
any other observations made. The organisms were then placed into pre-weighed aluminum 
weigh boats that were subsequently placed into a 60'C drying oven for »24hours. Missing 
chironomids were presumed to have died and decomposed during the test. Any larval midges 
that had reached the pupal or adult stage of development were excluded from the dry weight 
analysis. 
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2.2.1 


2.2.2 


2.2.3 


2.3 


Freshwater Sediment Toxicity Testing using Chironomus difutu's'and Hyalellaazteea 


Organism Information 


Organism Acclimation and Holding Information 


One batch of laboratory-reared Chironomus dilutus larvae was received from Aquatic Biosystems 
on November 21, 2017. The midge larvae were shipped in 1L plastic containers filled with 
unbleached paper towels and overlying moderately hard water. Prior to shipping, the headspace 
in each container was filled with oxygen gas of a sufficient concentration to maintain adequate 
saturation levels in the shipping water. They were shipped directly for overnight delivery to 
Maxxam and arrived without incident. 


Upon arrival at Maxxam, the water quality of the shipping water was measured and compared 
to the test conditions. Gentle aeration was supplied to each shipping container. Any moribund 
or deceased larvae were removed and recorded on the acclimation sheet (Appendix B). 


The chironomid larvae were not fed during the holding period as they were used the same day. 
Historically at Maxxam, it has been determined that little to no acclimation is required as long as 
the shipping, testing, and supplier laboratory conditions are similar. 


Organism Health 


The mortality rate during shipping did not exceed 1096 overall. Bench sheets with the 
receiving water quality and observations of the number dead or inactive larvae are available 
in Appendix B. 


Organism Age 


At test initiation, 20 representative larvae were euthanized and their head capsule widths were 
measured to the nearest 0.1 mm, using an inverted microscope outfitted with an ocular 
micrometer. The average head capsule width of the organism batch was determined to within 
the 0.33 — 0.45 mm range, which indicated they were the recommended age (see Table 2-1). 


Test Conditions 


See Table 2-1 for a detailed list of the test conditions. All bench sheets used to record raw data 
are available in Appendix B. 
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Test Conditions for the 10-day Chironomus dilutus Test 


Parameter 
Test Type and Duration 


Temperature 


Photoperiod and Light 
Intensity 


Aeration 


Test Chamber 


Sediment Volume 
Porewater Water Quality 


Overlying Water Source and 
Volume 


Overlying Water Quality 


Replicates 


Control Sediment (Negative 
Control) 


Reference Sediment 


Feeding 


Organisms/ replicate 
Organism Source 
Mortality during acclimation 


Mean Head capsule width 
and organism age 


Endpoints 
Test Validity Criteria 


Statistical Software 


Conditions and Methods 
10 Day, Static (non-renewal) 


Average daily temperature 23 + 1 °C; instantaneous 
temperature 23 + 3 °C. 


16 hours light: 8 hours dark. Wide spectrum cool white 
fluorescent lights used to provide 664-737 lux. 


< 100 bubbles/ minute. Clean oil-free air supplied to each 
test vessel via micro-bore plastic tubing. 


375 mL glass jars with plastic lids containing small opening 
for airline tubing. 


100 mL of homogenized sediment (3-4 cm depth). 
Temperature, pH, and ammonia. 


175 mL (^5-6 cm depth); Reconstituted Moderately Hard 
Water; warmed to 23 + 1°С and aerated »24 hours before 
use. 


Temperature, pH, dissolved oxygen, conductance, hardness, 
alkalinity, and ammonia measurements on Day 0 and Day 10 
of the test. Temperature and dissolved oxygen were also 
measured three times weekly during the test. 


5 replicates per sample, plus 2 additional replicates for 
water quality measurements and chemical analyses. 


Yaquina Bay Sand, rinsed with control water and sieved 
through a 500 um stainless steel mesh. 


None 


3.75 mL Tetramin™ flakes as slurry (4g dry solids/L) per 
vessel, three times weekly. 


10 
Aquatic Biosystems, Fort Collins, Colorado. 
0.096 


0.39 + 0.09 mm; 3" instar larval midges 


Mean Survival and Growth 


27096 mean survival in the negative controls. 
20.6 mg mean dry weight in the negative controls. 


CETIS™ version 1.9.2.4. Tidepool Scientific Software 
(Copyright 2009-2016). 
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2.4.1 


Table 2-2 


2.4.2 


2.5 


Freshwater Sediment Toxicity Testing using Chironomus ditutds_dnldHyalellacazteca 


Quality Assurance/Quality Control 


Reference Toxicant Results 


A 96 hour reference toxicant test, or positive control test, was conducted alongside the 
sediment test. The water-only test, using copper sulphate (CuSO,), was initiated to aid in the 
assessment of organism sensitivity and the precision of the results. The resulting LC50 was then 
compared in a control chart against the results of previous tests. Table 2-2 summarises the 
result of the reference toxicant test. 


The calculated LC50 for the reference toxicant test was within two standard deviations (95%) 
range of the historic mean LC50. This supports the assumption that the sensitivity of the 
organism batch was comparable to batches previously test in this laboratory. 


A reference toxicant test is only one of the tools used to assess the health of an organism. 
Natural variability accounts for the spread in reference toxicant LC50s. The method used in 
preparing the control charts was based on from "Ecotoxicology Control Charting" (COR2WI- 
00002). 


Reference Toxicant Test Result for Chironomus dilutus 


Organism Test LC50 with Previous Mean 
Batch Date 9596 Confidence Limits with 2SD 
(mg/L Си”) (mg/L Си?) 
AB171121 2017 Nov 21 0.98 (0.77, 1.25) 0.83 (0.35, 1.97) 


Test Validity Criteria 


The test is considered to be acceptable if the mean percent survival in the negative control is 
>70%, and the mean dry weight is > 0.6 mg. The mean percent survival of the negative controls 
was 100%, and the mean dry weight was 1.5 тв. 


Results 


Total survival and dry weights in each replicate, and mean + standard deviation (SD) in the 
control and test sediments are listed in the “Chironomus dilutus Survival and Growth Test- 
Survival of Larvae” and the “Chironomid Survival and Growth Test- Dry Weights of Larvae” data 
sheets, respectively. А summary of the test results is presented in Table 2-3. 


Total ammonia concentrations, pH, temperature, dissolved oxygen, hardness, conductance, and 
alkalinity measurements of the overlying water at test initiation (Day 0) and completion (Day 10) 
are available in Appendix B. 
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2.5.1 Data Analysis 


The survival and dry weights data for all samples and the negative control was entered into the 
statistical program "Comprehensive Environmental Toxicity Information System" (CETIS™, 2009- 
2016). When determining the appropriate comparison tests to use, the Environment Canada 
"Guidance Document on Statistical Methods for Environmental Toxicity Tests" (EPS 1/RM/46, 
2005) was followed. 


See the CETIS™ Analytical Reports for information on the specific tests used for the mean 
survival and dry weight comparisons. Analyses between the negative control and samples were 
conducted as one-tailed comparisons. All analyses were performed with the decision level for 
determining statistical significance set to 0.05 (p value «0.05). 


Table 2-3 Results for Mean Chironomus dilutus Survival and Growth 
Sample ID Mean Survival Mean Dry Weight 
+ SD (%) + 50 (те) 
Negative Control 100 +0 1.53 + 0.20 
JCL-1 98 +4 1.28 + 0.04* 
JCL-2 94 +5 1.08 + 0.15% 


SD = Standard Deviation 


*|ndicates a statistically significant decrease in sample relative to the negative control. 


2.6 Deviations 


No deviations observed. 
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14 DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST 


Test Methods 


The survival and growth of the freshwater amphipod, Hyalella azteca, when exposed to whole 
sediment samples for 14 days, were assessed according to the Maxxam SOP: Hyalella azteca 14- 
Day Survival and Growth Test (BBY2SOP-00011), which is based on the Environment Canada 
Biological Test Method: Test for Survival and Growth in Sediment and Water Using the 
Freshwater Amphipod Hyalella azteca (EPS 1/RM/33). 


One day prior to test initiation, the field replicates were individually homogenised, and a 100 mL 
aliquot was distributed into a 375 mL labelled test vessel. Reconstituted moderately hard water 
was then slowly added to the vessel by pouring a stream of water onto a Plexiglas baffle to 
minimize disturbing the sediment layer. The test vessels were then randomized on the bench 
top, and airlines and lids were fitted to each test vessel. 


A composite sample was produced by combining equal portions of each field replicate. Then, 
100 mL of the composite sample was distributed into a sixth replicate test vessel used for water 
quality measurements. 


The following day, aliquots of overlying water were removed from the test vessels for initial 
overlying water chemistry. The sixth replicate test vessel was used for water quality 
measurements for the duration of the test. To initiate the test, the amphipods were removed 
from their holding containers and ten Hyalella were randomly selected and placed into plastic 
medicine cups containing control water. Once enough organisms were collected to start the 
tests they were seeded into the test vessels. 


During the test, daily observations and aeration checks were performed. Temperature and 
dissolved oxygen measurements were taken three times per week in the test vessel designated 
for water quality measurements. Test vessels were also fed 800 uL per replicate of a ground 
Tetramin"" flake slurry (4 g dry solids/L) and 1.75 mL YCT (yeast, alfalfa flakes, and digested trout 
chow) on the days water quality measurements were taken. 


At test termination, the contents of each test vessel were examined, a small portion at a time, in 
a glass pan on a light table. The live amphipods were collected and counted. The amphipods 
were then placed into aluminum foil weigh boats that were subsequently placed into a 60°С 
drying oven for »24hours. Missing amphipods were presumed to have died and decomposed 
during the test. 
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Organism Information 


Acclimation and Holding Information 


One batch of Hyalella azteca was received from Aquatic Biosystems, Fort Collins, Colorado, USA, 
on November 21, 2017. Laboratory reared juvenile amphipods were packed into 1L plastic 
containers, filled with moderately hard water and a few plastic mesh squares. Prior to shipping, 
the headspace in each container was filled with oxygen gas of a sufficient concentration to 
maintain adequate saturation levels in the shipping water. They were shipped directly for 
overnight delivery to Maxxam and arrived without incident. 


Upon arrival at Maxxam, the container contents were carefully poured into glass culture dishes. 
Gentle aeration was supplied to each culture pan. An aliquot of shipping water from each 
container was set aside for water quality. It was then ensured that temperature adjustments to 
the holding water of the amphipods did not exceed 2°C per day. 


The organisms were held at Maxxam for two days before the test was initiated. The amphipods 
were fed YCT and Tetramin'" slurry at organism arrival and before test initiation. Datasheets 
containing the water quality measurements, with observations of number dead or inactive 
amphipods during the holding period, are available in Appendix C. 


Organism Health 


The average mortality rate in the culture did not exceed 10%. 


Organism Age 


At test initiation, the amphipods were 7-9 days old. 


Test Conditions 


See Table 3-1 for a detailed list of the test conditions. All bench sheets and raw data are 
available in Appendix C. 
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Table 3-1 Test Conditions for the 14-day Hyalella azteca Test 


Parameter Conditions and Methods 


Test Type and Duration 


Temperature 


Photoperiod and Light 
Intensity 


Aeration 

Test Chamber 

Sediment Volume 
Overlying Water Volume 


and Source 


Overlying Water Quality 


Feeding 


Replicates 


Control Sediment 


Reference Sediment 
Organisms/ Replicate 
Organism Source and age 


Mortality during 
acclimation 


Endpoints 
Test Validity Criteria 


Statistical Software 


14 Day, Static 


Average daily temperature 23 + 1 *C; instantaneous 
temperature 23 + 3 °C. 


16 hours light: 8 hours dark. Wide spectrum cool white 
fluorescent lights used to provide 664-737 lux. 


« 100 bubbles/ minute. Clean oil-free air supplied to each test 
vessel via micro-bore plastic tubing. 


375 mL glass jars with plastic lids containing small opening for 
airline tubing. 


100 mL of homogenized sediment (3-4 cm depth). 


175 mL (~5-6 cm depth); Reconstituted water; ЗАМ5 recipe 
(Borgmann, 1996). Temperature adjusted and aerated »24h 
before use. 


Temperature, pH, dissolved oxygen, conductance, hardness, 
alkalinity, and ammonia measurements on Day 0 and Day 14 of 
the test. 


Every 2-3 days; 800 uL per replicate of a ground Tetramin™ 
flake slurry (4g dry solids/mL), and 1.75mL YCT. 


5 replicates per sample, plus an additional replicate for water 
quality measurements. 


Yaquina Bay sand rinsed with clean overlying water and sieved 
through a 500 um stainless steel mesh. 


None 

10 

Aquatic Biosystems; amphipods aged 7-9 days at test start. 
0.096 


Mean Survival, Mean Dry weight 


2 8096 mean survival in the controls. 
20.1 mg/amphipod in the controls. 


CETIS™ version 1.9.2.4. Tidepool Scientific Software (Copyright 
2009-2016). 
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Quality Assurance/Quality Control 


Reference Toxicant Results 


A 96 hour reference toxicant test, or positive control test, was conducted alongside the 
sediment test. The water-only test, using copper sulphate (CuSO,) was initiated to aid in the 
assessment of organism sensitivity and the precision of the results. The reference toxicant test 
LC50 result was then compared in a control chart against the results of previous tests. Table 3-2 
summarises the result of the reference toxicant test. 


The calculated LC50 for the reference toxicant test was within the two standard deviation (9596) 
range of the historic mean LC50. This supports the assumption that the sensitivity of organism 
batch was comparable to batches previously tested in this laboratory. 


A reference toxicant test is only one of the tools used to assess the health of an organism. 
Natural variability accounts for the spread in reference toxicant LC50s. The method used in 
preparing the control charts was based on from "Ecotoxicology Control Charting" (COR2WI- 
00002). 


Reference Toxicant Test Results for Hyalella azteca 


Organism Test Date LC50 with 95% Confidence Limits Previous Mean with 250 
Batch (ug/L си“) (ug/L Си“) 
AB171121 2017 Nov 23 307 (258, 366) 226 (161, 317) 


Test Validity Criteria 


Survival data in the negative control is considered to be acceptable if the mean percent survival 
in the negative control is 28096, and the mean dry weight in the negative control is 20.1 
mg/amphipod. The mean percent survival of the negative control was 96% and the mean dry 
weight was 0.1 mg/amphipod. 


Results 


Total survival and dry weights in each replicate, and mean + standard deviation (SD) in the 
control and test sediments are listed in the "Hyalella azteca Survival and Growth Test-Survival" 
and “Hyalella azteca Survival and Growth Test- Dry Weights" data sheets, respectively. A 
summary of the results is located in Table 3-3. 


Total ammonia concentrations, pH, temperature, dissolved oxygen, hardness, conductance, and 
alkalinity measurements in the overlying water at test initiation (Day 0) and completion (Day 14) 
are available in Appendix C. 
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3.5.1 Data Analysis 


The survival and dry weight data for all samples and the negative control was entered into the 
statistical program "Comprehensive Environmental Toxicity Information System" (CETIS™, 2009- 
2016). When determining the appropriate comparison tests to use, the Environment Canada 
“Guidance Document on Statistical Methods for Environmental Toxicity Tests” (EPS 1/RM/46, 
2005) was followed. 


See the CETIS'" Analytical Reports for information on the specific tests used for the mean 
survival and dry weight comparisons. A comparison analysis for all samples was conducted 
against the negative control. Analyses between the negative control and samples were 
conducted as one-tailed comparisons. All analyses were performed with the decision level for 
determining statistical significance set to 0.05 (p value «0.05). 


Table 3-3 Results for Mean Hyalella azteca Survival and Growth 
Sample ID Mean Survival Mean Dry Weight 
+ SD (96) * SD (mg) 
Negative Control 96+9 0.13 + 0.01 
JCL-1 100 +0 0.15 + 0.01 
JCL-2 88+11 0.09 + 0.02* 


SD - Standard Deviation 


*|ndicates a statistically significant decrease in sample relative to the negative control. 


3.6 Deviations 


No deviations observed. 
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Document Released Under the Access to 
Information Act / Document dulgué еп vertu 
de la Loi sur l'accès а № Макат 


ECOTOXICOLOGY BBY2FCD-00134/3 
FRESHWATER SEDIMENT TESTS - POREWATER MEASUREMENTS — €.  » » Pagelofl 
99001 Hatfield 
Client # & Name: Consultants Date Measured: 2 +} МОМ у] 


Method for Porewater Collection: 
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Sample ID Temperature (°C) Г pH Ammonia (mg/L) 
PE re аде 39 Co LU 
Control 2,2. · | Е 2% | 


JCL-1 22. 0 
JCL-2 LLO 


Analyst 
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Date 414 | | 
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Comments: 
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А Bureau Vorites Group Company 


e” 
Maxxam Job #: B7A3503 Маххат Analytics {TOX Internal) 
Report Date: 2017/11/28 Client Project #: 99001 HATFIELD 


Sampler Initials: MA 


RESULTS OF CHEMICAL ANALYSES OF WATER 
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| 


JCL-1 Day 0 Pore 


Control Day 0 Pore 
Water 


RDL » Reportable Detection Limit 
(1) Detection limits raised due to dilution to bring analyte within the calibrated range. 
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca 


APPENDIX 
B 10-DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST 


Maxxam Analytics 


000651 


CETIS Analytical Report Report Date: 20 Dec-17 16:32 (р 1 of 1) 
Test Code: СТ-99001-0117 | 15-8720-1050 
Chironomus 10-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 21-2448-2678 Endpoint: Survival Rate CETIS Version: СЕТІ5у1.9.2 
Analyzed: 20 Dec-17 16:32 Analysis: STP 2xK Contingency Tables Official Results: Yes 
Batch ID: 19-9256-0924 Test Type: Survival-AF Growth Analyst: 
Start Date: 21 Nov-17 16:02 Protocol: EC/EPS 1/RM/32 Diluent: Reconstituted Water 
Ending Date: 01 Dec-17 12:00 Species: Chironomus dilutus Brine: Not Applicable 
Duration: 9d 20h Source: Aquatic Biosystems, CO Age: 
Fisher Exact/Bonferroni-Holm Test 
Sample | vs Sample 11 Test Stat P-Type  P-Value  Decision(a:5%) 
Control JCL-1 0.5000 Exact 1.0000 Non-Significant Effect 
JCL-2 0.1212 Exact 0.1212 Non-Significant Effect 
Auxiliary Tests 
Attribute Test Test Stat Critical P-Value — Decision(a:576) 
Extreme Value Grubbs Extreme Value Test 2.117 2.548 0.3274 No Outliers Detected 
Data Summary 
Group Code NR R NR+R PropNR PropR  %Eïffect 
Control 50 0 50 1 0 0.0% 
JCL-1 A9 1 50 0.98 0.02 2.0% 
JCL-2 47 3 50 0.94 0.06 6.0% 
Survival Rate Detail 
Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 
Control 1.0000 1.0000 1.0000 1.0000 1.0000 
JCL-1 1.0000 1.0000 1.0000 1.0000 0.9000 
JCL-2 1.0000 0.9000 0.9000 0.9000 1.0000 
Graphics 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 
CETIS Analytical Report Report Date: 20 Dec-17 16:32 (p 1 of 2) 
Test Code: CT-99001-0117 | 15-8720-1050 
Chironomus 10-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 11-5458-2565 Endpoint: Mean Dry Weight CETIS Version: | CETISv1.9.2 
Analyzed: 20 Dec-17 16:32 Analysis: _ Parametric-Control vs Treatments Official Results: Yes 
Batch ID: 19-9256-0924 Test Type: Survival-AF Growth Analyst: 
Start Date: 21 Nov-17 16:02 Protocol: EC/EPS 1/RM/32 Diluent: Reconstituted Water 
Ending Date: 01 Dec-17 12:00 Species: Chironomus dilutus Brine: Not Applicable ! 
Duration: 9d 20h Source: ^ Aquatic Biosystems, CO Age: | 
Data Transform Alt Hyp Comparison Result PMSD 
Untransformed C>T JCL-1 failed mean dry weight 13.01% 
JCL-2 failed mean dry weight 13.01% 


Dunnett Multiple Comparison Test 


Sample | vs | Sample Il Test Stat Critical MSD DF P-Type P-Value  Decision(a:595) 

Control JCL-1* 2.622 2,108 0.199 8 CDF 0.0202 Significant Effect 
JCL-2* 4.72 2.108 0.199 8 CDF 4.7E-04 Significant Effect 

Auxiliary Tests 

Attribute Test Test Stat Critical P-Value — Decision(a:595) 

Extreme Value Grubbs Extreme Value Test 2.045 2.548 0.4197 No Outliers Detected 

ANOVA Table 

Source Sum Squares Mean Square DF F Stat P-Value  Decision(a:596) 

Between 0.498533 0.249266 2 11.18 0.0018 Significant Effect 

Error 0.267473 0.0222894  — 12 

Total 0.766006 14 


Distributional Tests 


Attribute Test Test Stat Critical P-Value  Decision(a:1%) 

Variances Bartlett Equality of Variance Test 6.349 9.21 0.0418 Equal Variances 

Distribution Shapiro-Wilk W Normality Test 0.9779 0.8328 0.9536 Normal Distribution 

Mean Dry Weight Summary 

Group Code Count Mean 95% LCL 95% СІ. Median Min Max Std Ет CV% Effect 

Control 5 1.53 1.278 1.783 1.463 1.282 1.813 0.09107 13.31% 0.00% 

JCL-1 5 1.283 1.228 1.338 1.288 1.234 1.338 0.01976 3.44% 16.17% 

JCL-2 5 1.085 0.8946 1.275 1.039 0.947 1.281 0.06848 14.12% 29.12% 

Mean Dry Weight Detail 

Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 

Control 1.813 1.645 1.449 1.282 1.463 

JCL-1 1.338 1.234 1.311 1.288 1.243 

JCL-2 0.947 1.209 0.9478 1.281 1.039 
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CETIS Analytical Report 


Chironomus 10-d Survival and Growth Sediment Test 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 


de la Loi sur l'accés à l'information. 


Report Date: 20 Dec-17 16:32 (p 2 of 2) 
Test Code: CT-99001-0117 | 15-8720-1050 
Maxxam 


Analysis 10: 11-5458-2565 Endpoint: Mean Dry Weight CETIS Version: | CETISv1.9.2 
Analyzed: 20 Dec-17 16:32 Analysis: XParametric-Controi vs Treatments Official Results: Yes 
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ECOTOXICOLOGY Chironomus dilutus Survival and Growth Test 


Survival of Larvae ма хх am 


А Bures y Li Group Company 


BBY2 FCD-00271/3 


Client # & Name: 99001 - Hatfield Start Date and Time: 2017 Мом 21 @ 16:02 Page 1 of 1 
Job # B794914 End Date: 2017 Dec 01 


Organism Lot #: AB171121 


Analysts: M. O'toole, S. Rostama 


Initial # | — Finals 
Larvae | Larvae Survived 


Control 
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ECOTOXICOLOGY Chironomid Survival and Growth Test 
BBY2FCD-00231/3 
Dry Weights of Larvae Page X. -of A 
Client # & Name: 99001, Hatfield consultants Start Date and Time: 2017 Nov 21 @ 16:02 
Balance ID: BBY2-0260 End Date: 2017 Dec 01 
Job # B794914 Weighing Dates: 2017 Nov 28, 2017 Dec 07 
Drying Temperature (°С); 60 Drying Time (h) >24h 


Апајуз (5): N. Shergill, D. Lai 


# ID Worms (g) wt. (g) (mg) ‘| /Worm (mg) | /Sample (mg) 

Control 

| 8 | 10 | 108108 | 109753 | 1645 | 164 | | | 

| C | 10 | 1097 | 114% | мз | 1 | | 

| o | | 1.09742 | 111024 | оо | ав [| 

| E | 10 | 110783 | 132246 | мз | 146 [Г 
BEEN 


1.07924 | 1.09262 13.38 1.28 0.04 
1.08919 12.34 
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The average dry weight for the replicate controls must be »0.6 mg, for the test to be valid. 
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BBY2FCD-00140/3 


ECOTOXICOLOGY 
CHIRONOMUS DILUTUS TEST DATA SHEET —^ ...Pagelof1 
Sample ID: Control Start Date: 2017 Мом 21 
Sample Date: n/a End Date: 2017 Рес01 
Sample Received: n/a Job/Sample # n/a 


Measurements 
Hardness 
(mg/L СаСО;) 


Conductance Ammonia 
(uS/cm) (mg/L сасоз) (mg/L) 
Initial Final | Initial | Final | Initial | Final | 
[358 |4741 58% | Bu (со | 4] | 


479 


H 

| 

Final overlying МО measurements: | 
| 

| 


Initial 
nl m 


[Pr 
Initial overlying WQ measurements: 


Analyst eo Date 2019 мем 24 Analyst Date 2877 pec б 


Friday 


Temp. (С) 


| D.O. (mg/L) 
Feeding | | и 


| Analyst NO "Tw № > 


Replicate 


# Surviving 


Analyst 


Date | Replicate ore 
„њи | М (а ом J 


Analyst 
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ECOTOXICOLOGY BBY2FCD-00140/3 
CHIRONOMUS DILUTUS TEST DATA SHEET 72 Pageiofti 
Sample ID: — JCL-1 Start Date: 2017 Nov21 
Sample Date: 2017 Oct 17 End Date: _ 2017 Dec 01 | 
Е | | 
Sample Received: 2017 Oct 25 Job/Sample it: В794914/510808 | 
Measurements Samples Taken | 
Hardness [Conductance — | Alkalinity | Ammonia —— | 
(mg/L CaCOs) (и5/ст) па ВИ L Е (mg/L) | 
Initial Initial Final | 
EISE OQ | 
| 
Initial overlying WQ measurements: Final overlying WQ measurements: | 
| Analyst Wo Date ^ QUWONA Analyst \ A _ раке. 207 (фес ÓI 


Tuesday 
Day 7 


Day Sunday 


D.O. (mg/L) 9, 


Feeding 
Analyst Me 


Replicate 


# Surviving 


Analyst {ro 
Analyst 


Replicate | Comments 
У à ANE OW MUSAA / | 


—| 
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ECOTOXICOLOGY ВВҮ2 FCD-00140/3 
CHIRONOMUS DILUTUS TEST DATA SHEET ы Раве10ї1 


Sample Received: 2017 Oct 25 


Sample ID: —JCL-2 


Sample Date: 2017 Oct 17 


Start Date: 2017 Nov 21 


End Date: 2017 Dec 01 | 


Job/Sample it: В794914/510809 


Initial overlying WQ measurements: 


Analyst О Date дол УЧ? А 


Measurements Samples Taken 
pH Hardness Conductance Alkalinity | Ammonia i 
(mg/L СаСО:) (и5/ст) (mg/LCaCO) | | (mg/L) | 
Initial Final Initial Final Initial Final - Initial | 
(61 [33 [e [169 Ви | 451] + | 


Final overlying WQ measurements: 
ES 


Tuesday Friday | 

Day 0 Day 10 | 

| 

0.0. (mg/L) | 
Feeding 

Б 

| Analyst | 

Replicate | 

# Surviving | 

Analyst | 

Date Replicate Analyst | 

| | 

Jot JANY [Lev ce | 
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ECOTOXICOLOGY 


Client # & Name 
Project Number 

Test Initiation Date 
Test Completion Date 
Statistics File # 


Analyst(s) 


Control Water Batch 


Control Sediment #1 


Control Sediment #2 


Organism Lot 
Age at Start of Test 


Feeding Regime 


Food Preparation Date: 


Equipment IDs: 
Job # 
List of Sample ID/# 


Additional Comments: 


December 1, 2017 


КУ; 


Nov 17] 


АВ171121 
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NS cess xA, У ROS 


às à пити 


BBY2FCD-00138/2 


„Зб еа eS 
Joaquina зә) есеја Sand о 


3.75 mL Tetrafin slurry per replicate 3x weekly 


20,3 Мо 93 
5647 ~ 0369 


8794914 
JCL-1/SI0808 


ІСІ-2/510809 
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ECOTOXICOLOGY Chironomus dilutus (Formerly C. tentans) M аха 45 


Measurements of Head Capsule Widths 
BBY2FCD-00247/1 


Page 1of1 
Client # & Name: 10025 + 99001 


Start Date and Time: 2017 Nov 21 
End Date: 2017 Dec 01 , 
Organism Lot #: AB171121 


Head Widths at Beginning of Test 


Head Width (mm) 


0.40 

0.39 
0.38 
0.35 


2 
0.35 
ee ЗЕН 
a aa 


0.35 


7 


0.40 


0.36 
19 0.39 


0.35 


DML 


Analyst 


Average must be 0.33-0.45 mm (Environment Canada 1998) 
1 mm=40 units on micrometer 
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ECOTOXICOLOGY Chironomus dilutus (Formerly C. tentans) Ma Ха кү 
a XX ar 


Measurements of Head Capsule Widths BBY2FCD-00247/1 


Page 1 of 1 


Client & Мате: 10026 ^ AQ00 \ 
Start Date and Пте: ода NN 
End Date: ОО Deco 2 
Organism Lot #: (ХЛ WR 


Head Widths at Beginning of Test 


Head Width (mm) 
O LO 
е 


Об 2) CENT | 
МЕЦ ја со c) 


МОМ е Voc 


o Vene boc 


#DIV/0! 


Average must be 0.33-0.45 mm (Environment Canada 1998) 
1 mm=40 units on micrometer 
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ECOTOXICOLOGY ORGANISMS - de la Loi sur Гассез à Гир 
M ) 


ACCLIMATION AND HOLDING CONDITIONS xz xam 


i uM 00070/5 
Раве ! of | 


Client #'s : ^l 10024 Date & Time of Arriva: 7017 Nay 21 917: on 
Organism Lot #: МУ VARGI Age upon Arrival: S cond instar 


Water (1) per Shipping Bag: ~ pu Organism: Ni noto ОТЫ 
Number of Shipping Bags: 5 #of Organisms Огдегед: M 


Arrival Conditions 


Е ее ПО Ш/А ЛИ na — me... 
|| 2 ___|___|- ne | SA | vie е 
| => ____|_______| 867 | 2251208 | 07 | ца | ко 
А | 208 Lime | (А | вас 

D. рца | 203 ШЕКТЕ | 67 | 

== ____|______________ 

a te CP les 

ЕН РЦ а ро оаа 

C————— 


Mortalities 


Lu ES 


(uS/cm)/ 
Salinity 


# Dead 96 Dead 


Ш 


ШЇ 
ШИШИ 


otal Mortalities 


Equipment ID: = О 


Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions): \i Analyst 
ae 


7011 Now 2\: 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 


ш, де la Loi sur l'accès adf Ор; 
Обл 
OC 
92, аза 
1300 Blue Spruce Drive, Suite С Той Free: 800/331-5916 
Fort Collins, Colorado 80524 Tel:970/484-5091 Fax:970/484-2514 | 
| 
| 
ORGANISM HISTORY | 
| 
DATES" Lo oM Mose uim НЕЕ амыр i 
SPECIES: Chironomus dilutus (formerly C. tentans) _______ | 
AGE... Deposited ИМ а 
LIFE STAGE: _________Бесопа Instar 11/22/2017 ___________ "M | 
HATCH РАТЕ: , , Emergentdate 12/0207 — 0 0 0. | 
BEGAN FEEDING: Immediately — 0 0 00000 0. EN 
FOOD: .....Raphidocelis subcupitata.*, Flake slurry ______ ; 
Water Chemistry Record: Current | Range 

TEMPERATURE: айза E Сз ыз э ss Lo CNN 
SALINITY/CONDUCTIVITY; = es a ain nd le. : 
TOTAL HARDNESS (аз СаСО) Sg 2. 2. 96-184 тей | | 

TOTAL ALKALINITY (asCaCO): Отд 65-100 те 

рН: ___ IA — 183-820 — 

Comments: * — Formerly known as Psuedokirschneriella subcapitata and Selenastrum capricornutum 


Facility Supervisor 


1 


Aquatic BioSystems, Ine + Quality Research Organisms 
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ECOTOXICOLOGY 


Test: Chironomid dilutus 


Randomization Chart 
Tab: Sediment Tests 


Client # & Name: 99001 Hatfield Consultants 


Back Wall 
6 


Nw > «л 


1 
Front of Counter 


Position Map 


12 18 
11 17 
10 16 
9 15 
8 14 
7 13 etc. 


pE————————————— анаанта 


Position # Sample ID Replicate Colour 
16 A 
18 B 
12 Negative C 
10 Control D ped 
1 Е 
14 Measure 
15 A 
2 B 
5 JCL-1 " Pink 
7 E 
8 Measure 
5 A 
13 B 
9 C 
L-2 Purpl 
17 JC D urple 
4 E 
6 Measure 


Start Date: 2017 Nov 21 


EM 


A белн Group Company 
BBY2FCD-00438/1 
Ро: 10171 
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Document Released Under the Access to 
Information Act / Document divulgué en vértu 
de la Loi sur l’accès à l'information. 


Maxxam Job #: В7АЗ500 Маххат Analytics (TOX Internal) 
Report Date: 2017/11/28 Client Project #: Day 0 Overly 99001 
; Sampler Initials: МА 


RESULTS OF CHEMICAL ANALYSES OF WATER 


| | SN3364 SN3365 SN3366 | | | 
| | 2017/11/21 2017/11/21 2017/11/21 | | 


3688 


Control Day 0 JCL-2 Day 0 
Overly 
Misc. Inorganics 


Alkalinity (Total as CaCO3) | mg/L 82.8 | 


Alkalinity (PP as CaCO3) «10 «10 «10 
Bicarbonate (HCO3) 712 101 95.0 


JCL-1 Day 0 
Overly 


Carbonate (СОЗ) вл. «10 «10 
Hydroxide (ОН) 2.0 51.0 
Nutrients | 


ROL = Reportable Detection Limit 
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Махха т Analytics International Corporation о/а Maxxam Analytics Burnaby: 4606 Canada Way VSG 1K5 Тејерћопе (604) 734-7276 Fax(604) 731-2386 
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Maxam 


À Burgau Veritas Group Company 
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La 


Maxxam Job #: B7A6793 Maxxam Analytics (TOX Internal) 
Report Date: 2017/12/06 Client Project #: Day 10 Overly 99001 


Sampler Initials: NB 
RESULTS OF CHEMICAL ANALYSES OF WATER 
Мото [эзиз [| | sw | sw | | 
— ^w || жи шш 
p 8 | __зиз | | 


Control Day 10 RDL JCL-1 Day 10 JCL-2 Day 10 RDL 
Overly Overly Overly 


ality (төз! as 65503) [т T 
СООО 


Total Ammonia f МЕТЕ 000 


RDL = Reportable Detection Limit 
(1) Detection limits raised due to dilution to bring analyte within the calibrated range. 
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca 


APPENDIX 
Ç 14-DAY HYALELLA AZTECA GROWTH AND SURVIVAL TEST 


Maxxam Analytics 
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CETIS Analytical Report Report Date: 20 Dec-17 16:40 (р 1 of 1) 


Test Code: HA-99001-0117 | 01-8932-7554 
Hyalella 14-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 12-5165-4134 Endpoint: Survival Rate CETIS Version: | CETISv1.9.2 à 
Analyzed: 20 Dec-17 16:40 Analysis: STP 2xK Contingency Tables Official Results: Yes d 
ВЫ о e fcil OR Do tic ig А И У Ab алалы dud auct lap к. а ы амы ды У Ue ERE | 
Batch ID: 04-2663-3511 Test Type: Survival-Growth Analyst: 
Start Date: 23 Nov-17 14:11 Protocol: EC/EPS 1/RM/33 Diluent:  Reconstituted Water.) 
Ending Date: 07 Dec-17 Species: Hyalella azteca Brine: Not Applicable 
Duration: 18d 10h Source: Aquatic Biosystems, CO Age: 


Fisher Exact/Bonferroni-Holm Test 


Sample I vs Sample Н Test Stat P-Type P-Value  Decision(a:5%) 
Control JCL-1 1.0000 Exact 1.0000 Non-Significant Effect 
JCL-2 0.1343 Exact 0.1343 Non-Significant Effect 
Auxiliary Tests 
Attribute Test Test Stat Critical ^ P-Value  Decision(a:5%) 
Extreme Value Grubbs Extreme Value Test 2.117 2.548 0.3274 No Outliers Detected 


—_.-—--—-YXY-rrrwwnnnn 00 sng ————— 


Data Summary 


Group Code NR R NR+R Prop МЕ PropR Effect 
Control 48 2 50 0.96 0.04 0.0% 
JCL-1 50 0 50 1 0 -4.17% 
JCL-2 44 6 50 0.88 0.12 8.33% 


| 
Survival Rate Detail 


Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 

Control 1.0000 1.0000 1.0000 1.0000 0.8000 
JCL-1 1.0000 1.0000 1.0000 1.0000 1.0000 
JCL-2 0.8000 0.8000 0.8000 1.0000 1.0000 


Or aaa a aa amaaan 


Graphics 
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CETIS Analytical Report Report Date: 20 Рес-17 16:40 (р 1 of 2) 


Test Code: НА-99001-0117 | 01-8932-7554 

Hyalella 14-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 14-6472-1445 Endpoint: Mean Dry Weight-mg CETIS Version: СЕТІ5у1.9.2 
Analyzed: 20 Dec-17 16:40 Analysis: Parametric-Control vs Treatments Official Results: Yes 
Batch ID: 04-2663-3511 Test Type: Survival-Growth Analyst: 
Start Date: 23 Nov-17 14:11 Protocol: EC/EPS 1/RM/33 Diluent: Reconstituted Water 
Ending Date: 07 Dec-17 Species: Hyalella azteca Brine: Not Applicable 
Duration: 13d 10h Source: Aquatic Biosystems, CO Age: 
Data Transform Alt Hyp Comparison Result PMSD 
Untransformed C>T JCL-1 passed mean dry weight-mg 12.94% 

JCL-2 failed mean dry weight-mg 12.94% 


Ае aaa 


Dunnett Multiple Comparison Test 


Sample | vs | Sample И TestStat Critical MSD DF P-Type P-Value Decision(a:5%) 
Control JCL-1 -2.095 2.108 0.017 8 СРЕ 0.9931 Non-Significant Effect 
JCL-2* 5.682 2.108 0.017 8 СРЕ 9.8E-05 Significant Effect ` 


——————————— ——————————————————————————————————————————— 


Auxiliary Tests 
Attribute Test Test Stat Critical — P-Value Decision(a:5%) 
Extreme Value Grubbs Extreme Value Test 2.328 2,548 0.1435 No Outliers Detected 


——— —————————————————————————————————————————————————— 


ANOVA Table 


Source Sum Squares Mean Square DF F Stat P-Value  Decision(a:5%) 
Between 0.0106597 0.0053299 2 32.39 1.5E-05 A Significant Effect 
Error 0.0019749 0.0001646 12 
Total 0.0126346 14 


—————————————————————————————————————————————————————————— 


Distributional Tests 


Attribute Test Test Stat Critical — P-Value Decision(a:1%) 

Variances Bartlett Equality of Variance Test 2.159 9.21 0.3398 Equal Variances 

Distribution Shapiro-Wilk W Normality Test 0.9199 0.8328 0.1921 Normal Distribution 

Mean Dry Weight-mg Summary 

Group Code Count Mean 95% LCL 95% UCL Median Min Max StdEr CV% Effect 
Control 5 0.1322 0.1231 0.1413 0.134 0.122 0.142 0.003292 5.57% 0.00% 
JCL-1 5 0.1492 0.1333 0.1651 0.15 0.135 0.168 0.005722 8.58% -12.86% 
JCL-2 5 0.0861 0.06548 0.1067 0.0825 0.071 0.1138 0.007427 19.29% 34.87% 


nn ЉС 


Mean Dry Weight-mg Detail 


Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 
Control 0.134 0.129 0.122 0.134 0.142 
JCL-1 0.135 0.168 0.14 0.153 0.15 
JCL-2 0.1138 0.07625 0.0825 0.087 0.071 
| A 
ap DA 

me 0с 

006-132-208-7 CETIS™ у1.9.2.4 Analyst.” 55 aa KR _ 
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Document Released Under the Access to 
Information Act / Document divulgué en мапи 


de la Loi sur l'accès à l'information. 
CETIS Analytical Report Report Date: 20 Dec-17 16:40 (p 2 of 2) 
Test Code: НА-99001-0117 | 01-8932-7554 
" Hyalella 14-4 Survival and Growth Sediment Test Maxxam 
Analysis ID: 14-6472-1445 Endpoint: Mean Dry Weight-mg CETIS Version: | CETISv1.9.2 
Analyzed: 20 Dec-17 16:40 Analysis: Parametric-Control vs Treatments Official Results: Yes 
Graphics 
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ECOTOXICOLOGY Hyalella azteca Survival and Growth Test - и 
| Max» x am 
Survival i 
звоно: 00275/4 
Page of \ 
| Client # & Мате: 99001 - Hatfield Start Date and Time: 2017 Nov 23 @ 14:11 
Job # B794914 | End Date: 2017 Dec 07 


Organism Lot #: AB171121 


Analysts: N. Blassnitz, M O'toole 


ЕЕ 


Pr keds № х 
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ECOTOXICOLOGY Hyalella azteca Survival and Growth fest - x y 
X ei 


Dry Weights MI A? АА 
BBV2FCD-00129/4 
Client # & Name: 99001-Hatfeild Consultants Start Date and Time: 2017 Nov 23@14:Pa8e 1 of 1 
Job/Sample #: B794914 End Date: 2017 Dec 07 
Organism Lot #: AB171121 Drying Temperature (°C): 60 
Weighing Dates: 2017 Dec 18 Drying Time (ћ): >24 


Analysts: D. Lai 


# Hyalella Hyalella Wt.| Mean Wt./Hyalella | Mean Wt./Sample SD 
Hyalella Wt.(g) (mg) (mg) (mg) 


# 
Control 0.01 
LB | 0 | oo | 12 | оз | 


[ c | 10 | oo | m | 2 |_| 1] 
о | 1 | wm | ix | om | | | 
[eo [00014 [ 18 a БЕНЕН 
0 ЕГЕН ШЕТЕН БЕСТІГІ БЕТТЕН [ os 1 
oco | a0 | ow | | —] 
йз [а | 8 | о [оз | on | оз | 35 
5 [a [8 | 000061 |_о | e | — | | 
[c | а | omes | os | oo | M] 
чс ш | seems | ix | em [з БЕРЕН 
Голос [в | omo | om | aos |  - [| - | 


Po Analysts] om 


The average dry weight for the replicate controls must be 20.1 mg, for the test to be valid. 
Notes: 
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ECOTOXICOLOGY 


pH 


Initial 


Day 


Temp. (°С) 
D.O. (mg/L) 
Subsampled for 
ammonia (V) 


Feeding 


Analyst 


Replicate 


# Surviving 


Analyst 
Date 
AU Y 


M 1 M и 
РЕД 


Sample ID: 


Job #: 


| Fina | 


| Final | initial | 
Be 


Control 


n/a 


Measurements 
Hardness 


Thursday Saturday Tuesday 
Day 0 Day 2 Day 5 Day 7 
284 .3 | 24 285.0 | 7227 | 291 
0 у | 
S | $.5 (^ 


gy 
Мс 


À Bureau Veritas Group Company 
d 


BBY2FCD-00143/4 


Start Date: 


End Date: 


кеңи NB 


Replicate Comments 
(есту | ода an- усне 
оо Nd WA ол умесе 
| 


November 23, 2017 


December 7, 2017 


Date 90/7 (OT 


Thursday 
Day 14 


22. 
4. ] 
V 


Analyst 
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A Burts Veritas Group Сатарапу 
7 
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ECOTOXICOLOGY 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET Page 1: Sample 
Sample ID: JCL-1 Start Date: November 23, 2017 
Job #/Sample #: В794914/510808 End Date: December 7, 2017 | 


Samples Taken 
Ака ү | Ammona _ 


| Hardness | 
(mg/L Сасоз) (и5/ст) (mg/L CaCO;) А 
| Initial | Final —- 


Initial Final Initial Final 


Initial overlying WQ measurements: Final overlying WQ measurements: 
Analyst D Wo не Date 9) 6) tn. Analyst À [à ) СО] | 
| 


hr Thursda Saturday Tuesday Thursday Tuesday Thursday | 


prey Day 0 | Day 2 Рау 5 Day7 Day 14 
Temp. (20) 23.4 243 | 2-1 | 335 JAA 12298 
D.O. (mg/L) 2.3 .Q МА ФЭ QT | << 


Subsampled for 
ammonia (У) | 


Feeding 


Analyst 


Replicate 


# Surviving 


Analyst 


T Replicate | Comments Analyst 


hi оу 


| к= Е 


© 
у 
| 
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ПАРА Xd 
A Bareau Ventas Ursup Сотрепу 
.” 


ECOTOXICOLOGY BBY2FCD-00143/5 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATASHEET __6__ _______! Page 1:5 е 
Sample ID: 1СІ-2 Start Date: November 23, 2017 
Job #/Sample #: B794914/510809 End Date: December 7, 2017 
Measurements = SAME Taken 
қ Hardness Ammonia 
Е Er ео е ЕЕЕ (mg/L) 


Initial 


22. 


ша | Initial | Final | 


Initial overlying WQ measurements: Final overlying WQ measurements: 
ГЕ Thursday Thursday 
ay Day 2 Day 5 Day 7 Day 9 Day 12 Day 14 
Temp. (2C) WAS = а 
D.O. (mg/L) 
Subsampled for 
ammonia (v) 
Feeding 
Analyst / À 
f I 
Replicate A Bed £j. D do Rl | 
# Surviving | % g > % i үү 
Analyst мо NO hwo wo Ko 
Date Replicate | Comments Analyst 


длы | Mure DI DA on mesure 


до Qe | ~ уд V on mesur 


һо | Qo (00. оу” mul re 
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ECOTOXICOLOGY 
HYALELLA AZTECA SURVIV 


v 


мач а m 


А Bureau Veritas Group Company 
s 


BBY2FCD-00144/4 


AL AND GROWTH TEST- TEST INFORMATION Pagelof1 


Client # & Name: 99001 Hatfield Consultants 
Jobs: В794914 | 
Test Initiation Date & Time: 2017 Мом 23 @ {4 < 1) | 
Test Completion Date: 2017 Dec 07 


Room #: 


Analyst(s): 


Control Water Batch 


Control Sediment: 


Organism Lot: 


Age at Start of Test 
Feeding Regime 
YCT Batch Number 


Tetramin Preparation Date 


Balance ID 


Drying Oven ID 


WQ instrument ID: 


: Qolt Aevi 


E 14 


:  1.75MLYCT& m slurry (4g/L) per replicate 3x weekly 


20154 МљиЈ4 „298 non ; 
+ QOMENVOS үлә w32g- _ 


‘6842-2096 Daea | 


Additional Comments: 
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ECOTOXICOLOGY ВВҮ2 FCD-00142/2 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST —AERATION CHECKS ата о Равед Ort 


L'anfut facStart Date: ор nw 2.3 


Client # & Name: 


Initial when aeration is checked. If air is off record DO and note which replicate(s) in comments section. 


| (туа | ovo] 1 ИН ЖЕТЕ БЕГИШ ҰН БИГ 


Date 


Early AM 


V She Dx Ot О, aL © (9.70) 
Midday | ЭЁ | 3 Y We ws lo | (~ 


Late PM _ 


Comments: 
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4 


“ 


ECOTOXICOLOGY ORGANISMS - M 4 


ACCLIMATION AND HOLDING CONDITIONS АИ 
BBY2FCD-00070/5 
Page X of | 
Client #'s јер с 33901 Date & Time of Arrival: 70143 Nae 2 “о 
Organism Lot: AO131121 HA Age upon Arrival: S~- da А5 | 
Water (1) per Shipping Bag: ^v \ V, Organism: | Y, ae По, суре ca. 


Number of Shipping Bags: | ttof Organisms Ordered: ка О 
Light Intensity (lux): ( а» lx 22 22 | 


Тетр DO ( | 
Feeding Analyst 


(Баир À ЖАРАНЫ КЕРУЕН нде 


Агима! Conditions 


Г \ 
à 4 


== 
= == а 
ТоюГМонаййв [уу | O | 


~ Did Wa | | 
and Sel tetramin slurry batch 2007 Novos. “(ғо 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 


de la Loi sur Рабел ТЩ Дгтайоп. 


Dre 
A4 Voy 2,1 
Toll Free: 800/331-5916 | 
Tel: 970/484-5091 Fax:970/484-2514 


s.19(1) 


1300 Blue Spruce Drive, Suite C 
Fort Collins. Colorado 80524 


ORGANISM HISTORY | 


РАТЕ: 11/20/2017 | 


SPECIES: Hvalella azteca | 

AGE: | 4-6 day. | 

LIFE STAGE: . Juvenile | 
HATCH DATE: Variable = | 
BEGAN FEEDING: Immediately | 


FOOD: Flake slurry 


Water Chemistry Record: Current Range | 
TEMPERATURE: ^^ 23°С i ____23-26 — HN | 
SALINITY/CONDUCTIVITY: _ E к ек | 
TOTAL HARDNESS (as СаСОз): __ 138 mg/l = ____96-184 mg/l | 
TOTAL ALKALINITY (as СаСОз); 70 mg/l. Е 50-80 mg/l 
pH: 749 ____ "m PL 7.20-8.16 
Comments: 


2 
Facility Supervisor 


Aquatic BioSystems, Inc + Quality Research Organisms 
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ECOTOXICOLOGY SAM-5S Water Recipe for Hyalella M ахХ am 


BBY2FCD-00133/2 
Page 1 of 1 


BATCH ID: У №5. 


(Date Hardéned) 


SAM-5S Reconstituted Water Recipe for Hyalella azteca 
as per Borgmann 1996 (For water hardness 7125 mg/L) 


CaCl,X2H,0 MgSO, (в) NaHCO, (=) KCI (я) 


uus 


———— a: 
10500 
Balance 10: ABY2- COM 25 | 

Апа!уѕ: Koss > Add to Type 3 DI (L) 2 


Water Use: (ӘЙ! SX AARON DI Machine ID: 
Date: OC ] Мом | | 


Water Quality: 


Temp (°С): 22 7] pH: А Hardness (mg/L) RYS 


Cond (us/cm): U2 __ DO (mg/t): B-S Alkalinity (mg/L): АС: 


Chemical Weights 


Brand 


Lot # 


Calculated 


Actual 


(Se СА 
2842. - О, 50 


Analyst: № At] du | Date: 201) Nav2\ 


Comments: 


NaHCO3 (Sodium Bicarbonate) 

NaBr (Sodium Bromide) 

сас!2 x 2H20 (Calcium Chloride - dihydrous) 

MgSO4 (Magnesium Sulfate - anhydrous) 

KCI (Potassium Chloride) 

SAM-55 Recipe = 1 mM Сасі2, 1 mM NaHCO3, 0.01 mM NaBr, 0.05 mM KCI, and 0.25 mM MgSO4 


Borgmann, Ц. 1996. Systematic analysis of aqueous ion requirements of Hyalella azteca : A standard artificial medium 
including the essential bromide ion. Archives of Environmental Contamination and Toxicology . 30: 356-363. 
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ECOTOXICOLOGY Randomization Chart = = Maxxam 
Tab: Sediment Tests BBY2FCD-00438/1 
; Pg: 1011 


Test: Hyalella azteca Start Date: 2017 Nov 23 
Client # & Name: 99001 Hatfield Consultants 


| 
Back Wall Position Map | 


6 12 18 
5 11 17 

4 10 16 | 
3 9 15 | 
2 8 14 | 
1 7 13 еїс. | 


Front of Counter 


-———————————————-————- 


| 
Position # Sample ID Replicate Colour | 
Т А 
4 B | 
12 Negative С | 
Red { 
9 Control D £ | 
5 Е 
11 Measure | 
6 А | 
7 8 | 
15 C : | 
- Pink | 
18 JCL-1 D in | 
16 Е { 
3 Measure | 
14 А | 
13 В | 
| 
| JCL-2 : Purple | 
2 Е | 
8 Меазиге 
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Report Date: 2017/11/29 


Maxxam Job #: B7A4293 Maxxam Analytics (TOX Internal} 
Client Project #: Hyallela Overlying Day 0 99001 


Sampler Initials: TW 


RESULTS OF CHEMICAL ANALYSES OF WATER 


2.25. 2017/11/23 2017/11/23 2017/11/23 
р АЕН ІШ iis us 10:15 
СОС Number EN 3710 


99001 ІСІ-2 
Hyalella Overly Day 


99001 JCL-1 
Hyalella Overly Day 


99001 Cntrl 
UNITS} Hyalella Overly Day 


Misc. Inorganics 


mal : | 
| 
А <1.0 $ А 


Нуагохіае (ОН) 


RDL = Reportable Detection Limit 


Page 3017 
Maxxam Analytics International Corporation о/а Maxxam Analytics Burnaby: 4606 Canada Way VSG 105 Telephane(604) 734-7276 Fax(604) 731-2386 
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Maxam 


À Bureao t Veritas Sroup Company 


Маххат Job #: B7A8695 Maxxam Analytics (TOX Internal) 
Report Date: 2017/12/12 Client Project #: Hyallela Overlying Day 1 99001 
Sampler Initials: NB 


RESULTS OF CHEMICAL ANALYSES OF WATER 
2017/12/07 2017/12/07 i | 
VU ^ 09:06 09:06 09:06 
йш —— | 3 | | зз (| 3»  [ | 


- 1-2 D 
m UNITS Control ^id Day 14 ICL-1 gen Day 14 JCL-2 Overly Day 14 


Hy 
Misc. Inorganics 
EE 


ШЕБІНЕ ac 
Total Ammonia (N) 


RDL = Reportable Detection Limit 
(1) Detection limits raised due to dilution to bring analyte within the calibrated range. 


501993 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Appendix A3 


Fish Capture Data and 
Fishing Effort 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Table A3.1 Fish Capture Locations, Jackpine Lake, 2017. 


Site Pass/Set UTME UTMN UTME UTMN Start Date Start End Time Effort Effort Number fish 
number Start Start End End Time (sec) (hrs) captured 

EF JCL-12 475671 6350308 475763 6350378 18-Oct-17 10:20 10:30 111 0 

EF JCL-11 475790 6350288 475898 6350261 18-Oct-17 10:30 10:36 103 2 

EF JCL-9 (1) 475831 6350408 475893 6350516 18-Oct-17 10:40 10:50 110 0 

EF JCL-9 (2) 475938 6350586 476011 6350668 18-Oct-17 10:56 11:03 147 3 

EF JCL-7 476091 6350754 476195 6350754 18-Oct-17 12:30 12:40 141 1 

EF JCL-6 476409 6351174 476477 6351277 18-Oct-17 13:00 13:06 207 0 

EF JCL-5 476485 6351410 476454 6351524 18-Oct-17 13:10 13:13 123 0 

EF JCL-3 476426 6351999 476506 6352083 18-Oct-17 13:19 13:23 124 1 

EF JCL-4 476506 6351775 476519 6351665 18-Oct-17 13:28 13:32 143 0 

EF JCL-8 476495 6351137 476501 6351018 18-Oct-17 13:39 13:44 158 1 

EF JCL-10 476418 6350469 476354 6350381 18-Oct-17 13:51 13:56 157 0 

EF Р1 476354 6350381 475985 6350652 18-Oct-17 14:00 15:00 2067 13 
АМ АМ1 476341 6350402 n/a 19-Oct-17 9:15 9:30 0.25 0 

AN AN2 476435 6350469 n/a 19-Oct-17 9:40 9:55 0.25 0 

AN AN3 476083 6350276 n/a 19-Oct-17 10:03 10:18 0.25 2 

AN AN4 475888 6350281 n/a 19-Oct-17 10:28 10:43 0.25 2 

AN AN5 475783 6350307 n/a 19-Oct-17 10:49 11:04 0.25 2 

AN ANG 475707 6350345 n/a 19-Oct-17 12:23 12:45 0.37 6 

Note: Angling was conducted as casting from a fixed location. 
Page 1 of 1 
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€ А N /9829290 0100686 Lid n n M 0051 929 яачм t£ МУ 11-00561 9NV exe ешфрег 1105 

5 А N 21875790 0100686 Ша n n v 0/4) 0/5 Уачм ze NV LL-PO-6L 9NV әуел әшаҳоег — 2102 
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v8c OvSL 5 А А 62848490 0100686 Ша n n n 0642 eccL dyn 14% ЕЕ] 11700-81 ‘а емелешфрег ZOZ 

әлт)деоәу 185 0862 2 N А 15519608 1000286 Ша n n n 0126 (72 Хаям £L 43 21-90-81. 8-лог әуел ешфрег 4102 

сє 002 t А А 72829190 0100686 Ша n n n 972% 6272 яачм [4 43 11320-81 ld әуел ешфрег 7102 

4'08 v8v € А А 698/6/90 0100686 Ша n n n 022 [445 яачм и 43 41-20-81 ld әҹеч әшауоег 1105 

601 909 € А А 91815490 0100686 Ша n n n oez LEE Хаям OL БЕЈ 2-90-81 а ӘЛЕ әшауоег 14102 

ее 622 [4 A А 5085/90 0100686 Lid n n n oez 055 Хачм 6 33 11500581 ld әуел әшдуоег 4102 

19. [1:12 [4 А А 29815490 0100686 Ша n n n ove 88Є Хазм 8 за 11700-81 ‘а әуел ешфрег 4102 

ге, 694 [4 А А 2684/98/90 0100686 Ша n n n 1092 | 692 яачм 4 аз 2-90-81 {лог әуел ешфрег 4102 

244 vct [4 А А 8ÿ82S290 0100686 ша n n n 552874 055 Хаям 9 аз 2-90-81 е-лог ахетешфрег — 2102 

9v vec [4 А А 11849290 0100686 Lid n n n 49% 082 dyn S 33 11-00581 6-19f әуел ешфрег 4102 

9'99 615 [4 А А 968/6/90 0100686 Ша n n n 6252 РЄ яачм v аз 2-90-81 6-19f ахетешфрег 7102 

861 06ÿL v А А 0ÿ82S290 0100686 Ша n n n (042 955 Хаям € БЕЈ 11-20-81 6-19f эхел ешфрег — 2102 

“бє 027 [4 А А 01829290 0100686 Ша n n n 79071 cot dN e за 2-90-81. лог ехејешфрег 14102 

8`ЄЄ 002 0 А А 96879790 0100686 Ша п n n ZL Le 99) dyn р 33 2-90-81 улог әуел ешфрег 4102 
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2017/2018 


Company Name: Hatfield 
Project Name: Jackpine Lake SHELL 8642 
Client Contact: Ben Beall Kaitlyn Roberts 
Phone #: 
Email: 
# & Type of Structures: |. GO FR 
Work to be Completed: 
Invoice: 
Location Date Structures Species | Sample/Fish Age Con. Index QA/QC Comments 
# КА МВ 
JCL-11 18-Oct-17 FR NRPK 1 0 Е 
JCL-11 18-Oct-17 FR NRPK 2 2 F 
JCL-9 18-Oct-17 FR NRPK 3 4 F 
JCL-9 18-Oct-17 FR NRPK 4 2 F 
JCL-9 18-Oct-17 FR NRPK 5 2 F 
JCL-3 18-Oct-17 FR NRPK 6 2 F 
JCL-7 18-Oct-17 FR NRPK 7 2 F 
PI 18-Oct-17 FR NRPK 8 2 F 
РІ 18-Oct-17 FR NRPK 9 2 F 
Pl 18-Oct-17 FR NRPK 10 3 F 
PI 18-Oct-17 FR NRPK 11 3 E 
РІ 18-Oct-17 FR NRPK 12 3 F 
PI 18-Oct-17 FR NRPK 14 5 G 
PI 18-Oct-17 FR NRPK 15 4 F 
Pl 18-Oct-17 FR NRPK 16 5 F 
Pl 18-Oct-17 FR NRPK 17 5 G 
Pl 18-Oct-17 FR NRPK 18 5 G 5 
Pl 18-Oct-17 FR NRPK 19 2 F 2 
РІ 18-Oct-17 FR NRPK 20 4 а 4 
Pl 18-Oct-17 FR NRPK 21 2 F 
AN3 19-Oct-17 FR NRPK 22 2 F 
AN4 19-Oct-17 FR NRPK 24 5 F 
AN4 19-Oct-17 FR NRPK 25 5 F 
ANS 19-Oct-17 FR NRPK 26 4 С 
АМ5 19-Oct-17 FR NRPK 27 3 F 
AN6 19-Oct-17 FR NRPK 28 3 G 
AN6 19-Oct-17 FR NRPK 29 4 Е 
AN6 19-Oct-17 FR NRPK 30 4 F 
AN6 19-Oct-17 FR NRPK 32 5 G 
AN6 19-Oct-17 FR NRPK 33 3 G 
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Methyl Mercury Results 
Flett Research Ltd. 


440 DeSalaberry Ave. Winnipeg, МВ R2LOY7 
Fax/Phone (204) 667-2505 
E-mail: flett@flettresearch.ca Webpage: http://www.flettresearch.ca 


CLIENT: Hatfield Consultants - SHELL: 8642 CNRL Jackpine Lake Matrix: Tissue(dry) 

# 200 - 850 Harbourside Dr. Transaction ID: 837 

North Vancouver, ВС V7P 0A3 PO/Contract No.: 
Date Received: October 25, 2017 Date Analysed: November 22, 2017 
Sampling Date: October 18, 2017 Analyst(s): Xiang W 


Analytical Method: M10220: Methyl Mercury in Tissue by Digestion, Aqueous Ethylation, Purge & Trap, and CVAFS with an Automated System (Version 3) 
P:\Methyl Mercury Method and SOPs\M10220 Мена in Tissue by Digestion - Automated System.doc 


Comments: Dermal plug samples were freeze dried at Flett Research prior to analysis to eliminate errors associated with loss of moisture which can occur in small tissue samples. 
When present the dark portion of scale and skin from the tip of the dermal plug is removed prior to mercury analysis. 


**Based on our experience percent loss on drying results normally fall between 78% and 82% in fish muscle tissue. %LOD results which fall outside of this range are 
considered aberrant. A high %LOD result may be due to inclusion of water droplets during tissue sampling in the field while a low %LOD result may be the result of 
compression of the tissue during the sampling procedure which results in a loss of moisture from the tissue. 


Irregular %LOD results have been replaced with a value of 80% which is considered typical for % ОО of muscle tissue in fish. These corrections affect the wet weight 
concentrations of total Hg; there is no affect upon the dry weight total Hg concentrations. Original %LOD values can be found on the wet wt-dry wt sheet in this workbook. 


Detection Limit: 16 ng/g (ML) MDL=4 ng/g The MDL was determined based on 7 replicates of analytical blanks (98% confidence level) and a 20 mg dry sample size. 


For reporting purposes results will be flagged below the ML which is considered a practical quantitation limit. 
Estimated The estimated uncertainty of this method has been determined to be + 13% 
Uncertainty: 
Results authorized by Dr. Robert J. Flett, Chief Scientist 


Pg of MeHg in whole Mean Ethylation 


ethylation EPA vial Blank (ng/L) 


Ethylation blank a 


Mean Eth. Blank (last 30 runs) 


Equiv. CH Hg Conc. 
Net pg MeHg in based on current 
whole Ethylation batch mean weight 
EPA vial (0.0037g) of dry 
sample, ng/g (Biota) 


MeHg Standard 
Added to Ethylation Net Corrected Мен 


Std Calibration 
EPA Vial (pg < 
CH,Hg) Factor (units / pg) 


RSD of MeHg 
Standard 


Spike Recovery 
Matrix Spike (MS) and Sample Identification 


Matra Spike Duplicate (MSD) 
JCL-9-05-NRPK ( FID 5 ) 


% CHsHg Recovery 
Used for Calculations 


QUALITY DATA 


MTBIOT112217XW1 
Page 1 of 1 


% CH,Hg Recovery 
Date Sampled не Pe Used for Weighed Dry Sample eae On 
Calculations 


JCL-11-01-NRPK October 18,2017) ________________55035] өз | 0056 &— à во 
[85195 | _ JCL-11-02-NRPK October 18, 2047] | 5155] 9 | 0.0036] в 


JCL-9-03-NRPK FID3 October 18, 2017 L—— | те юэ | т эю мю | в | 


Net CH3Hg as Hg 
(ng/g) Dry Wt. 


[recovery corrected] 


As Analyzed 


200 
m 


As Calculated 


33.8 
39.1 


65.6 


85197 JCL-9-04-NRPK FID 4 51510 89.9 
JCL-9-05-NRPK FID 5 October 18, 2017 2012 89.9 


Net CH3Hg as Hg 
(ng/g) Wet Wt. 


[recovery corrected] 


JCL-9-05-NRPK ( FID 5 ) о вено [isto ана 0.003 83.2 | __дмо |73 956 | 
Р1-11-МВРК (FID 11) 371823 0.002 83.3 4837 806 83.2 
P1-15-NRPK (FID 15) =з» | =] — 003 84.6 5097 787 85.5 

Dorm-4 101501 (3554 28 ng/g) à m 0.038 Lc pe 99.5 
Dorm4 101501 (355 28 ng/g) | Repeat Aliquot 450138 0.038 === — з у, 


234 41.6 

сїобег 18, 2017 324 57.7 
0 + 759 132 
[Бю] рк | юз | CT ST! БЕБЕУ Т ЖЕЗ | ooo 481 76.7 
> — is E 
P1-10-NRPK October 18, 2017 53037 609 110 
P1-11-NRPK October 18, 2017 43086. 484 80.7 

| 85205 | ғ«әмж | — ғо2 | October 18, 2017] | 15979 200 35.1 
JCL-8-13-NRPK [October 18,2017] ë 2980 381 
85207 P1-14-NRPK 1540 284 
P1-15-NRPK 1700 263 
9 тенек = nx == БИНИИ ПЕ. э ПИС: 2910 306 
October 18, 2047] | 322222] 89.9 0.0053 2050 360 
October 18, 2017] | 128772] вт 89.9 0.0036 80 1200 209 
[85212 | ___Р1-19МЕРК |_______осођег18,207_______________56866] 89.9 0.0046 81.8 412 74.7 
Cas213 | ^ pr-2onrPk | ғо0 ___|________осоњегла, 2017 ош | м юв | 7 оош 798 295 59.4 
P1-20-NRPK FID 20 October 18, 2017. DupB2 40404 89.9 79.8 292 58.8 


Q'Clients A-L\Hatfield Consultants - SHELL\2017(837)\Methy Hg\MTBIOT112217XW 1.4 


This test report shall not be reproduced, except in full, without written approval of the laboratory. 
Note: Results relate only to the items tested. 


No. a 1306 


SOMECITOZ5.2008 Accedted wth the Canadian Association for Labor йогу Accredtanon 


* : See ‘Comments’ section above for discussion. 


Dup : Duplicate - two subsamples of the same sample carried through the analytical procedure in an identical manner. 
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MTBIOT112417XW1 
Page 1 of 1 


CLIENT: Hatfield Consultants - SHELL: 8642 CNRL Jackpine Lake 


# 200 - 850 Harbourside Dr. 
North Vancouver, ВС V7P 0A3 
Date Received: October 25, 2017 
Sampling Date: October 18, 2017 to October 19, 2017 


Matrix: 


Transaction ID: 


Tissue(dry) 
837 


Analyst(s): 


Analytical Method: M10220: Methyl Mercury in Tissue by Digestion, Aqueous Ethylation, Purge & Trap, and CVAFS with an Automated System (Version 3) 
P:Wethyl Mercury\ Method and SOPs\M10220 MeHg in Tissue by Digestion - Automated System.doc 


November 24, 2017 
Xiang W. 


Comments: Dermal plug samples were freeze dried at Flett Research prior to analysis to eliminate errors associated with loss of moisture which can occur in small tissue samples. 
When present the dark portion of scale and skin from the tip of the dermal plug is removed prior to mercury analysis. 


""Вавед on our experience percent loss on drying results normally fall between 78% and 82% in fish muscle tissue. %LOD results which fall outside of this range are 
considered aberrant. A high %LOD result may be due to inclusion of water droplets during tissue sampling in the field while a low %LOD result may be the result of 
compression of the tissue during the sampling procedure which results in a loss of moisture from the tissue. 


Irregular %LOD results have been replaced with a value of 80% which is considered typical for %LOD of muscle tissue in fish. These corrections affect the wet weight 
concentrations of total Hg; there is no affect upon the dry weight total Hg concentrations. Original %LOD values can be found on the wet wt-dry wt sheet in this workbook. 


Detection Limit: 16 ng/g (ML ) MOL=4 ng/g 


The MDL was determined based on 7 replicates of analytical blanks (98% confidence level) and a 20 mg dry sample size. 


For reporting purposes results will be flagged below the ML which is considered a practical quantitation limit. 


Estimated The estimated uncertainty of this method has been determined to be + 13% 
Uncertainty: 


Results authorized by Dr. Robert J. Flett, Chief Scientist 


Blanks pg of MeHg in whole} Gross Peak Mean Ethylation 
ethylation EPA vial Area Blank (ng/L) 
Ethylation blank (H,0+Reagent)| 022 | 713 
епт вики юты [| оз  [ —  ] 
Equiv. CH На Сопс. 
Net рд MeHg in based on current 
whole Ethylation batch mean weight 
EPA vial (0.0038g) of dry 
sample, ng/g (Biota) 
MeHg Standard 
РЕР Added to Ethylation Ме сәлемет MeHg | RsD of MeHg 
ІМ EPA Vial (pg Muss dun inp j Standard 
Снзно) P9 
Mean Value 
QUALITY DATA perle ud Sample Identification % CHHg Recovery | Dry Sample Mass (9) 
Пан Агеа Used for Calculations y Pl 9 
AN3-22-NRPK(FID22) | MS4 | 432573 100% 0.004 
AN3-22-NRPK ( FID 22 ) MS4D 435572 100% 0.004 
Mean of Recoveries a Een е т 
QC Samples Dorm-4 101501 (355+ 28 ng/g) 476113 
Dorm-4 101501 (355+ 28 ng/g) | Repeat Aliquot 473875 
Mean of Dorm-4 
% CH;Hg Recovery 
LAB ID | _ Sampling Details Sample ID Dato Sampled Sample Type Grose Pesk Used for акк ушы 


Calculations 


**% Wt. Loss On 
Drying 


Net CH3Hg as Hg Net CH3Hg as Hg 
(ng/g) Dry Wt. (ng/g) Wet Wt. 


[recovery corrected] | [recovery corrected] 


As Calculated 


P1-21-NRPK FID 21 31818 80.5 0.0022 8) 455 | 720 | 
85215 | — AN3-22-NRPK FID 22 October 19, 2017 57827 80.5 [йр 008 esj 40 | X 866 | 
October 19, 2017 268602 80.5 (| о”) шм ____ 1920 |1 33 | 
October 19, 2017 344315 80.5 Г 0043] в) 263 | 
85218 ї 0.0028 81.0 2080 
AN5-26-NRPK October 19, 2017 80.5 0.0036 80 
85220 AN5-27-NRPK October 19, 2017 80.5 0.0047 80 1700 
AN6-29-NRPK October 19, 2017. 298397 80.5 0.0039 80 2480 5 
AN6-30-NRPK FID 30 October 19, 2017 DupAt 255983] ____805 || 0.0040 82.2 2120 
85223 AN6-30-NRPK FID 30 October 19, 2017 DupA2 21950] ^ 80s | 0.0037 822) 1940 346 


Q:\Clients A-L\Hatfield Consultants - SHELL\2017(837)\Methy Hg\MTBIOT112417XW 1s 


This test report shall not be reproduced, except in full, without written approval of the laboratory. 
Note: Results relate only to the items tested. 


ISOAEC 17025 2006 Acaredired vith the Canadian Associaton for Laboratory Accreditation 


Dup : Duplicate - two subsamples of the same sample carried through the analytical procedure in an identical manner. 


* : See 'Comments' section above for discussion. 


1020-1 Version 111414. 


000692 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Appendix A5 


Statistical Analyses of Fish Tissue 
Mercury Concentrations 
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A5.1 APPROACH 


Linear modeling was used to compare the mercury concentrations in northern pike tissue by cohort in 
Jackpine Lake. Tissue mercury concentrations, fish ages, and whole-body weights were measured 
directly as part of the Program, whereas cohort was defined as the year of capture minus the estimated 
age of the fish. 


Statistical modeling was conducted on the Age 2 and Age 3 fish only. Other age classes (i.e., Age 0-1 
and Age 4 and greater) did not have sufficient numbers of individuals across all cohorts (Figure 3.9). The 
two age classes were modeled separately. The models considered two potential variables that could be 
associated with differences in mercury tissue concentration within an age class: 


mercury concentration ~ weight + cohort 


Weight was modeled as a continuous covariate whereas cohort was a categorical factor. The models 
were assessed by plots of residuals, fitted values, covariate values, and quantiles (normal Q-Q plot). The 
significance of the effects of the covariance of weight on tissue mercury concentrations was assessed by 
an F-test of the weight term in the linear model. The cohort-specific effects were assessed using 
simultaneous inference on the cohort-specific model parameters, which applied Tukey's all-pairwise 
comparisons while bounding the familywise error rate and adjusting for the effects of fish weight (Hothorn 
et al. 2008). 


A5.2 STATISTICAL METHODS 


Data compilation and statistical analyses were completed in R (www.r-project.org). The session and 
package information for the analyses were: 


R version 3.4.4 (2018-03-15) 
Platform: x86 64-w64-mingw32/x64 (64-bit) 
Running under: Windows 7 x64 (build 7601) Service Pack 1 


Matrix products: default 

locale: 

[1] LC COLLATE-English United States.1252 
LC MONETARY-English United States.1252 
[4] LC NUMERIC-C 


LC CTYPE-English United States.1252 
LC TIME-English United States.1252 


attached base packages: 


[1] grid stats graphics grDevices utils datasets methods base 

other attached packages: 

[1] openxlsx 4.0.17 FSA 0.8.19 

readxl 1.0.0 forcats 0.3.0 
[9] dplyr 0.7.4 purrr 0.2.4 


ggplot2 2.2.1 tidyverse 1.2.1 


car 3.0-0 
stringr 1.3.0 
readr 1.1.1 


carData 3.0-1 gridExtra 2.3 


tidyr 0.8.0 tibble 1.4.2 


(and not attached): 
haven_1.1.1 
rlang 0.2.0 
foreign 0.8-69 
bindr 0.1.1 
munsell 0.4.3 
psych 1.8.3.3 


loaded via a namespace 
[1] reshape2 1.4.3 
yaml 2.1.18 
[7] pillar 1.2.1 
bindrcpp 0.2.2 
[13] plyr 1.8.4 
rvest 0.3.2 


lattice 0.20-35 colorspace 1.3-2 


glue 1.2.0 modelr 0.1.1 


gtable 0.2.0 cellranger 1.1.0 


Jackpine Lake Monitoring Program A5-1 Hatfield 


19] rio 0.5.10 
Rcpp 0.12.16 


parallel 3.4.4 
scales 0.5.0 
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curl 3.2 broom 0.4.4 


25] jsonlite 1.5 
stringi 1.1.7 

31] tools 3.4.4 
pkgconfig 2.0.1 

37] xm12 1.2.0 
rstudioapi 0.7 

43] nlme 3.1-131.1 


A5.3 RESULTS 
A5.3.1 Age 2 Northern Pike 


One age-2 fish collected in 2015 was excluded from the analysis because it was an outlier in weight 
(1,830 g) and tissue mercury concentration (494 ng/g) relative to other age-2 fish. The linear model 
identified relationships between tissue mercury concentrations and both fish weight and cohort 
(Table A5.1). The model diagnostic plots did not identify any major concerns with the distribution of 
residuals or fitted values (Figure A5.1). 


abind 1.4-5 
cli 1.0.0 
magrittr 1.5 
data.table 1.10.4-3 
lubridate 1.7.3 
R6 2.2.2 
compiler 3.4.4 


mnormt 1.5-5 hms 0.4.2 


lazyeval 0.2.1 crayon 1.3.4 


assertthat 0.2.0 httr 1.3.1 


Table A5.1 ANOVA summary table for the linear model of tissue mercury 
concentrations for Age 2 pike. 
D f S f 
M enn Mean Squares F p 
Freedom Squares 
Weight 1 81,125 81,125 50.5 «0.0001 
Cohort 5 49,317 9,863 6.1 0.0002 
Residuals 45 72,361 1,608 


Table A5.2 shows the pairwise differences between cohorts from the model adjusted for fish weight, with 
confidence intervals for a 9596 family-wise confidence level. Confidence intervals that do not include zero 
are marked in bold, and represent contrasts that are significantly different. The pairwise comparisons 
identified the 2012 and 2013 cohorts to have significantly higher tissue mercury concentrations than the 
2010, 2014, and 2015 cohorts. No other significant differences were identified. 


Jackpine Lake Monitoring Program A5-2 Hatfield 
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Table A5.2 Cohort pairwise differences for Age 2 pike, adjusted for fish weight. 
Cohort Pairwise Estimated 
Contrast Difference 


Lower Upper 
С.І. С.І. 
2011-2010 51 


2013 – 2010 


юс» | [o и 
2015 – 2010 -6 
2012 – 2011 51 -16 118 


2015 – 2011 


2014 – 2013 
2015 – 2013 -161 -19 


ЕЕ De Lai шй 


Jackpine Lake Monitoring Program A5-3 Hatfield 
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Figure A5.1 Model diagnostic plots for Age 2 fish. 
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A5.3.2 Age 3 Northern Pike 


One age-3 fish collected in 2014 (fish 2014|JCL-8|140) was excluded from the analysis because its high 
mercury tissue concentration had substantial leverage on the overall model. The linear model identified 
relationships between tissue mercury concentrations and both fish weight and cohort (Table A5.3). The 
model diagnostic plots did not identify any major concerns with the distribution of residuals or fitted values 
(Figure A5.2). 


Table A5.3 ANOVA summary table for the linear model of tissue mercury 
concentrations for Age 3 pike. 


APR Sum of Squares Mean Squares F p 
Weight 1 121,820 121,820 47 <0.0001 
Cohort 5 93,158 18,632 7.2 <0.0001 
Residuals 47 120,827 2571 


Table A5.4 shows the pairwise differences between cohorts from the model adjusted for fish weight, with 
confidence intervals for a 95% family-wise confidence level. Confidence intervals that do not include zero 
are marked in bold, and represent contrasts that are significantly different. The pairwise comparisons 
identified the 2012 cohort to have significantly higher tissue mercury concentrations than the 2009, 2010, 
and 2013 cohorts. No other significant differences were identified. 


Table A5.4 Cohort pairwise differences for Age 3 pike, adjusted for fish weight. 


Estimated 


Cohort Pairwise Contrast Difference Lower С.І. Upper C.l. 
2010 – 2009 62 0.9 124 
2011 – 2009 66 -14 146 
2012 – 2009 140 71 209 
2013 — 2009 59 -10 127 
2014 – 2009 58 -22 138 
2011 – 2010 3.5 -79 86 
2012 – 2010 78 8 148 
2013 – 2010 -3 -72 65 
2014 – 2010 -4 -85 76 
2012 – 2011 74 -7 156 
2013 – 2011 -7 -92 78 
2014 – 2011 -8 -101 86 
2013 – 2012 -81 -157 -6 
2014 – 2012 -82 -168 3.8 
2014 – 2013 -0.7 -86 85 
Јаскрте Lake Monitoring Program A5-5 Hatfield 
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Figure A5.2 Model diagnostic plots for Age 3 fish. 
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EXECUTIVE SUMMARY 


Suncor Energy Operating Inc. (SEOI), on behalf of the Fort Hills Energy Corporation (FHEC), constructed 
the No Net Loss Lake (NNLL) on a terrace of the eastern bank of the Athabasca River to compensate for 
fish and fish habitat losses associated with the Fort Hills Oil Sands Mine Project (the Project). As part of 
the regulatory approvals for the Project, the Department of Fisheries and Oceans Canada (DFO) provided 
Authorization (AB00-517-2013) for the harmful alteration, disruption, or destruction (HADD) of fish habitat 
within the Fort Creek watershed. The Authorization stipulates that monitoring of proposed compensation 
habitat must be undertaken until the compensation lake is functioning as intended to the satisfaction of 
DFO. 


Hatfield Consultants (Hatfield) prepared a five-year compensation monitoring plan that was submitted by 
SEOI on behalf of FHEC to DFO in September 2014. The monitoring plan was approved by DFO in 
December 2014. Post-construction monitoring in 2014 focused on monitoring the physical and chemical 
characteristic of the NNLL, the inlet creek (Creek A) and the outlet channel. The 2014-2015 Water Year 
(WY) was the first year of monitoring under the approved plan. This report presents a summary of results 
of the monitoring for the NNLL, Creek A and the outlet channel up to the end of the 2018 WY 
(November 1, 2017, to October 31, 2018). 


Monitoring of compensation habitats follows a phased approach, initially sampling physical and chemical 
habitat variables, followed by incorporating monitoring activities that focus on successive trophic levels 
(i.e., aquatic organisms). The objectives of monitoring activities during the fourth year of monitoring 
were to: 


a monitor surface hydrology in the NNLL, Creek A, and the outlet channel; 


a monitor water quality in the NNLL, Creek А and the outlet channel and screen these results 
against published guidelines for the protection of aquatic life; 


a monitor sediment quality in the NNLL and screen these results against published guidelines for 
the protection of aquatic life; 


= monitor lower trophic levels of aquatic organisms (i.e., plankton, benthos, and macrophyte 
communities) in the NNLL; 


" assess fish populations in ће NNLL, Creek A, and the outlet channel; and 
a determine habitat suitability for fish species present in the NNLL and the outlet channel. 


Results of the 2018 WY hydrologic monitoring indicated that the water level of the NNLL fluctuated due to 
recurring beaver dam construction and removal at the lake outlet. No evidence of shoreline erosion or 
disturbance to the littoral zone was observed, indicating that the littoral zone of the NNLL was stable 
during the open-water season. The water level of the lake was above the invert elevation of the outlet 
channel (232 m) for the entire WY, which allowed for continuous flow to the outlet channel from the NNLL. 
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Results of continuous water quality monitoring indicated that water temperature in the NNLL was 
influenced by both air and groundwater temperatures and is well mixed, displaying little thermal 
stratification. Water temperature in both Creek А and the outlet channel аге primarily influenced by 
groundwater. Conductivity values and seasonal trends were similar to 2016 and 2017. Dissolved oxygen 
(DO) concentrations in the NNLL were also similar to 2016 and 2017 values and remained within 
guidelines for the protection of aquatic life (GoA 2018). Under ice concentrations of DO in late winter 
indicated that suitable over-wintering habitat was available for fish in the NNLL. On June 19, the daily 
average DO concentration in the outlet channel at station OC1 (6.3 mg/L) fell below the chronic guideline 
for the protection of freshwater aquatic life (6.5 mg/L) and continued to fall to 5.2 mg/L (above the acute 
guideline of 5.0 mg/L) on June 21. Levels subsequently rose above chronic guidelines following removal 
of a beaver dam at the lake outlet on June 23. Although higher than previous years in summer, pH values 
remained within guidelines during the open-water period. Turbidity measured in the pelagic zone 
remained low (i.e., maximum of 1.53 NTU) during the open-water season and was comparable to 
previous years. Concentrations of all water quality variables in Creek A, the outlet channel and NNLL 
were below water quality guidelines (GoA 2018) in 2018. Results of winter sublethal toxicity testing of 
water did not indicate any inhibitory effects to aquatic life in the NNLL. 


Similar to previous years, results of analytical sediment quality monitoring in the NNLL showed a 
guideline exceedance of Canadian Council of Ministers of the Environment (CCME) F3 (C16-C34) 
hydrocarbons at the pelagic station in fall; however, concentrations of F3 (C16-C34) hydrocarbons were 
comparable to other lakes in the region (i.e., Shipyard, Kearl, and Isadore's lakes). Sediment hydrocarbon 
concentrations were dominated by F3 and F4 hydrocarbons, which indicated the presence of bitumen in 
sediments common for many watersheds in the Athabasca oil sands region. Survival of both freshwater 
amphipods and midges in sediment from the littora! zone and midges in the pelagic zone was noticeably 
lower than laboratory controls; however, survival of amphipods in the pelagic zone was similar to 
laboratory controls. Despite the decrease in amphipod and midge survival, growth of both species was 
higher than the laboratory controls. Further, results of sediment chemistry and the increased proportion of 
amphipods and midges in the NNLL compared to previous years suggest that there is no inhibitory effect. 


Results of the benthic invertebrate, plankton, and macrophyte community monitoring (i.e., lower trophic 
levels of aquatic organisms) indicated that the productivity of the lake, as well the presence of suitable 
fish habitat, should support the ongoing colonization of fish populations. A number of fish species were 
captured in the NNLL and the outlet channel in 2018 (northern pike, yellow perch, burbot, longnose 
sucker, lake chub, emerald shiner, spottail shiner and slimy sculpin). Fish captured in the NNLL and the 
outlet channel over the course of the monitoring program (i.e., 2015 to 2018) include: northern pike, 
yellow perch, burbot, longnose sucker, white sucker, lake chub, emerald shiner, spottail shiner, slimy 
sculpin, finescale dace, longnose dace, and northern redbelly dace. Presence of these species in the lake 
is consistent with ongoing fish colonization, and with upstream fish passage through the outlet channel. 
Similar to 2016 and 2017, no fish were captured in Creek A (Station IC1) in 2018, as the steeper 
gradients and increased flow velocity provide marginal habitat for fish. To date only one longnose sucker 
has been captured in Creek A (2015). 
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Results of methyl mercury testing in fish muscle tissue in 2018 indicated that 11 of the 28 fish sampled in 
the NNLL exceeded the guideline for subsistence fishers, while none exceeded the guideline for general 
consumers. The concentration of methyl mercury in northern pike in 2018 appears positively correlated 
with age, length and weight as guideline exceedances appear to be restricted to older (i.e., 3* years) and 
larger fish. Concentrations of mercury in fish tissue from the NNLL were within the range of the 
Athabasca oil sands regional dataset as well as the range of other northern Alberta lakes not influenced 
by oil sand activities. 


As of 2018, the NNLL and outlet channel are currently providing 903,540 Habitat Units (HU), which is a 
small decrease from 2017 (913,215 HU), but still greater than both the 869,778 HU predicted in the No 
Net Loss Lake Development Plan (NNLLDP) (Golder 2006) and the 2:1 compensation ratio specified in 
the DFO Authorization. HU provided by the NNLL, specifically in 2018, did not change from 2017 
(i.e., 865,365 HU). An increase in percent cover by macrophytes in the littoral zone has resulted in 
offsetting changes in habitat suitability, whereby certain species' Suitability Index (SI) values decreased 
(е.д., lake chub, yellow perch and longnose sucker) while SI values for other species increased 
(e.g., brook stickleback and fathead minnow). With the exception of substrate (i.e., decrease in cobble, as 
fines settle and macrophytes colonize areas «1 m deep in the littoral zone), habitat quality for other 
variables in the NNLL remained relatively similar to that observed in 2017. In the outlet channel, total HU 
decreased in 2018 compared to 2017. The main limiting habitat variable in the outlet channel is channel 
unit (i.e., channel morphology type). A decrease in available pool habitat resulted in lower SI ratings for 
several species (i.e. lake chub, burbot, white sucker, brook stickleback and fathead minnow). This 
reduction in available pool habitat is likely attributable to low water levels in the outlet channel during the 
September 2018 survey related to beaver activity (i.e., repeated damming of the lake outlet), such that 
mesohabitats previously identified as pools were classified in 2018 as run habitat. 


Two fish were recorded crossing the outlet channel Passive Integrated Transponder (PIT) Tag stations in 
2018. A northern pike captured and tagged from the pelagic zone of the NNLL on August 16, 2018, 
crossed the upstream station on August 16, 2018, and the downstream station on August 17, 2018, 
suggesting downstream movement. A burbot captured and tagged from the OC2 study reach on 
September 18, 2018, was detected at the downstream station on September 26, 2018, also suggesting 
downstream movement. An additional 33 northern pike, one burbot and three yellow perch were tagged in 
the NNLL, and three burbot were tagged in the outlet channel in 2018. It is anticipated that the PIT Tag 


Antennas will provide insight into fish residence in the NNLL and migration between the Athabasca River, · 


the outlet channel and the NNLL as more fish are tagged over time. 


Overall the development of the NNLL has progressed at a rate anticipated in the NNLLDP. The biological 
colonization of the lake to date indicates that the physical and chemical characteristics of the lake are capable 
of supporting diverse fish populations. Three changes are proposed for year five of the monitoring program: 


1. Discontinue fish and fish habitat sampling in Creek A during the September (fall) program given 
2018 represents the third consecutive year of no fish captures. The steeper gradient and 
increased flow velocity in this section of Creek A provides marginal habitat for fish, which is 
consistent with environmental baseline studies conducted pre-development of the NNLL when no 
fish were captured in this reach of Creek A. Further, the habitat characteristics remain similar 
year to year given the stable and consistent flow pattern of Creek A. Fish passage will continue to 
be monitored in order to satisfy Conditions 3.12 and 3.3 of the DFO Authorization. 
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2. Conduct plankton monitoring in August to improve understanding of seasonal patterns of 
phytoplankton and zooplankton in the NNLL. 2018 represents the second consecutive year where 
increases in chlorophyll a were observed at Station PZ1 in August. Currently plankton monitoring 
occurs in March, May, July and September. 


3. Engage Alberta Environment and Parks (AEP) to further investigate the possibility of repeat 
tissue sampling in the same fish to better track mercury concentrations in fish tissue over time. 
Currently the Fish Research Licence for the NNLL does not permit tissue sampling from fish that 
show evidence of previous tissue sampling. Collecting multiple samples from the same fish over 
time would enable assessments of methylmercury concentrations in fish from the NNLL over time 
(i.e., are concentrations increasing, decreasing or stable). 


Further evaluation will occur at the end of the approved five-year monitoring program. 


2018 No Net Loss Lake Monitoring Program xv Hatfield 


000717 


DISTRIBUTION LIST 


The following individuals/firms have received this document: 


Name Firm Hardcopies CDs Email FTP 
Sarah Aho Suncor Energy Operating Inc. - - “ Y 
Tom Wiebe Suncor Energy Operating Inc. - - Y Y 


AMENDMENT RECORD 


This report has been issued and amended as follows: 


Issue Description Date Approved by 
1 First version of 2018 No Net Loss 20190219 
Lake Monitoring Program 
Wade Gibbons Tim Poulton 
Project Director Project Manager 
2 Second version of 2018 No Net 20190329 
Loss Lake Monitoring Program 3 
44 eile. 
~) ш Aw | = 


Wade Gibbons Tim Poulton 


Project Director Project Manager 


2018 No Net Loss Lake Monitoring Program xvi Hatfield 


000718 


CONCORDANCE TABLE 


Approval 


Clause 


Clause Description 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


3.11 


3.12 


General Requirements 


The comp lake shall provide fish habitat for a variety of species 
(i.e., Northern Pike, Yellow Perch, White Sucker, Burbot, 
Longnose Sucker, Pearl Dace, Brook Stickleback, Fathead 
Minnow, and Lake Chub), preserving or restoring the ecological 
functionality of the confluence of the mouth of Creek A. 

The comp lake shall provide sufficient residence time to 
achieve summer water temperatures suitable for the fish 
species expected to use the lake. 


The comp lake will provide sufficiently deep areas to provide 
overwintering habitat. 

Success at implementing the Plan shall be achieved when 
permanent fish habitat gains offset fish habitat losses at the 
comp ratio in all respects, and when the compensation fish 
habitat is functioning physically and ecologically as a self- 
sustaining system to the satisfaction of DFO. 


The target compensation ratio for compensation construction 
completed after the HADD of fish habitat occurs is two units of 
compensation habitat for each unit of fish habitat harmfully 
altered, disrupted or destroyed (2:1). 


The effectiveness of the compensation lake shall be evaluated 
through monitoring programs that will include, but may not be 
limited to, assessing fish utilization, diversity, density and 
productivity of fish populations, verification of fish HUs and 
Habitat Suitability Indices (HSI) models, aquatic vegetation, 
benthic invertebrates, seasonal water quality including 
dissolved oxygen, fish passage, sediment quality, water flow 
and water levels. 


The Proponent shall ensure fish passage between the 
Athabasca River, the comp lake and the reaches of the 
tributaries flowing into the comp lake, with confirmed 
preconstruction connectivity, as specified in the No Net Loss 
Lake Development Plan, with ail or any exceptions subject to 
DFO approval. 


Monitoring Requirements 


The monitoring plan shall determine whether, and to what 
extent, the comp lake is functioning as expected and to the 
satisfaction of DFO. The monitoring plan shall include, among 
other factors, two main components: monitoring of affected 
habitats (i.e., Creek A), and monitoring of compensation habitat 
(i.e., comp lake and outlet channel). 

The monitoring plan shall include confirmation of hydrological 
modeling used to design the comp lake, temperature and 
dissolved oxygen modelling. 

The fish habitat and bathymetry of the comp lake shall be 
mapped, and stratified sampling of the fish habitat in the comp 
lake shall be undertaken. 


Report 
Section(s) 


2.1.8; 3.6.1; 
3.6.2 


3.2.1 


3.2.1; 3.6.1 


3.6.1; 4.0 


3.6.1; 
Appendix A7 


3.6.1; 3.6.2; 
3.5.1; 3.4.1; 
3.4.2; 3.2.1; 


3.6.1; 3.6.2 


3.1; 3.2.1 


2.1.8; 3.6.1 
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CONCORDANCE TABLE (CONT'D.) 


Approval 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


DFO 


Clause 


4.6 


4.7 


4.9 


4.10 


4.17 


4.3 


4.13 


Clause Description 


Monitoring Requirements (Cont'd.) 


The habitat variables used in the HSI models shall be 
measured in the detailed study areas (including all mesohabitat 
types). This will entail installation of temperature data loggers, 
measurement of pH and dissolved oxygen, mesohabitat 
mapping, substrate particle size sampling, macrophyte 
sampling, and measurement of the other variables used in the 
models. 

The comp lake shall be monitored for the designed stability of 
shorelines, bathymetry, the size and functionality of the littoral 
zone, as well as the riparian zone. 

Sampling shall occur at an appropriate time of year for each 
variable. The sampling protocol shall be approved by DFO. The 
number of years that monitoring is required and the number of 
replicates of each mesohabitat type sampled in the intensive 
study areas shall be determined by the Proponent and subject 
to approval by DFO. The Proponent shall commence reporting 
on the success of compensation one year after the comp lake 
has been physically constructed and connected to the 
Athabasca River. 

Tissue from sport fish species inhabiting the comp lake shall be 
monitored for methylmercury. 

As part of the monitoring plan, the Proponent shall design and 
conduct a comprehensive and ongoing ground water (with 
potential interaction with fish bearing water) and surface water 
quality as well as sediment quality monitoring programs of 
water/sediment leaving the Project comp lake area. 


Reporting Requirements 


The Proponent is responsible for the verification of the current 
version of the HSI models unless this task is, or will be 
undertaken on a regional scale, and the Proponent is 
participating meaningfully in the verification studies. 

The Proponent shall submit to DFO annual reports on the 
Monitoring Plan for each reporting year (October 1 of any year 
to September 30 of the following year) on or before April 15 of 
the following calendar year. Each report shall incorporate all 
previous years' tables, figures, appendices, methods, analysis, 
discussion, as required to present the entire monitoring 
program in a single coherent report and shall include 
recommendations for changes to the monitoring program to 
better assess productive capacity in future years. 


Report 
Section(s) 


3.2.1; 3.6.1, 
3.42; 3.5.1 


2.1.8; 3.5 


1.3 


3.6.3 


3.1; 3.2; 
3.4.2; See 
4.17 Annual 
Report 


3.6.1 (and 
through the 
FISH 
Committee) 


3.1; 3.2; 3.3; 
3.4; 3.4.1; 4.0 
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1.0 INTRODUCTION 


Suncor Energy Inc., Total E&P Canada, Teck Resources, and Fort Hills Energy Corporation (ЕНЕС) are 
partners in the Fort Hills Energy L.P.(FHELP), a consortium that was established to develop the Fort Hills 
Oil Sands Mine and Bitumen Production Facility (the Project). FHEC (the Proponent), holds the regulatory 
approvals for the Project. Suncor Energy Operating inc. (SEOI) operates the Project on behalf of FHEC. 


The Project is located 90 km north of Fort McMurray, Alberta and started producing oil in the first quarter 
of 2018. 


Development of the Project involves construction of temporary and permanent diversions of Fort Creek; 
construction of Fort Creek crossings and associated approaches; destruction of the bed and channel of 
Fort Creek; construction of site de-watering and drainage works; construction and operation of site 
de-watering and drainage works; construction and operation of associated sediment and erosion control 
works; construction and operation of fish habitat compensation works as required by Fisheries and 
Oceans Canada and associated site clearing and riparian vegetation removal. Authorized impacts to fish 
and fish habitat resulting from the works, undertakings, operations or activities associated with the Project 
include construction of the fish exclusion barrier in Fort Creek; dewatering of Fort Creek by construction of 
the operational Fort Creek Headwater Diversion; dewatering, re-alignment and re-channelization of 
portions of Creeks A, B and C; and works and undertakings associated with the construction of the water 
intake on the Athabasca River. 


As part of the regulatory approval of the Project, Fisheries and Oceans Canada (DFO) provided an 
Authorization (No. АВ00-517-2013) pursuant to Section 35(2) of the Fisheries Act. To meet these 
requirements, a No Net Loss Lake (NNLL) and outlet channel to the Athabasca River was constructed in 
the lower portion of the Creek A watershed, as per criteria outlined in the No Net Loss Lake Development 
Plan (NNLLDP) developed by Golder (2006) on behalf of FHEC. The NNLLDP quantified expected 
Project-related fish habitat losses and presented specific compensation plans to offset these losses. The 
NNLL construction activities were completed in October 2013 and filling of the lake commenced in the 
winter of 2013/14. Water began spilling to the outlet channel at the end of February 2014 and connectivity 
with the Athabasca River was established during the spring 2014 freshet. 


The Authorization stipulates that monitoring of constructed compensation habitat must be undertaken 
until such time that permanent fish habitat gains at the prescribed compensation ratio have been 
achieved to the satisfaction of DFO (Condition 3.4 of the Authorization). DFO requires the Proponent to 
facilitate the studies and sampling necessary to demonstrate that the NNLL is functioning as a 
self-sustaining system, both physically and ecologically, as intended and to the satisfaction of DFO. As 
specified in Condition 3.11 of the Authorization, the effectiveness of the NNLL shall be evaluated through 
a monitoring plan that will include, but may not be limited to, measuring the rate of colonization and 
community structure of aquatic and riparian vegetation, benthic invertebrates and fish; verifying Habitat 
Units (HU) created for fish species; and assessing water quality, sediment quality, water levels, outlet 
channel discharge and the availability of suitable conditions for fish passage. As specified in Condition 4.1 
of the Authorization, a monitoring plan for the NNLL, approved by DFO in December 2014, was 
developed to ensure compensation and monitoring clauses set forth in DFO Authorization АВ00-517- 
2013 are satisfied (Hatfield 2014). 


2018 No Net Loss Lake Monitoring Program 1 Hatfield 


000721 


Annual compensation monitoring reports must be provided to DFO for the first five years of monitoring. 
Post-construction monitoring of surface hydrology and water quality occurred in 2014 (SEOI 2015); 
however, this report presents results of the fourth year of comprehensive monitoring of the NNLL, the inlet 
creek (Creek A) and the outlet channel. 


1.1 BACKGROUND 


The intent of the monitoring program is to ensure the NNLL is functioning properly to provide fish habitat, 
and provide fish passage between the Athabasca River, NNLL and Creek A. The program incorporated 
scientifically defensible sampling methods to: 


= monitor the physical, chemical, and biological characteristics of the compensation habitats, to 
ensure they are progressing towards self-sustaining ecological systems; 


a quantify habitat gains for fish populations, to confirm appropriate compensation has been 
provided to offset losses related to the development of the Project; and 


a provide appropriate information to inform adaptive management decisions. 
The primary objectives of the monitoring program are to: 


= quantify habitat units created by the NNLL and outlet channel to verify conformance with the 
Fisheries Act Authorization; 


= monitor surface hydrology within the NNLL, the outlet channel and Creek А; 


= monitor water and sediment quality in the NNLL and water quality in the outlet channel and Creek 
A, and screen these results against published guidelines for the protection of aquatic life 
(GoA 2018); 


= monitor lower trophic levels of aquatic organisms in the NNLL (i.e., plankton, benthic invertebrate, 
and macrophyte communities) to ensure there is an available food supply and habitat for fish 
populations; 


a monitor fish populations in the NNLL, outlet channel, and Creek А; and 


a monitor fish tissue for methyl mercury concentrations and screen these results against published 
guidelines for human consumption. 


The overall strategy for NNLL monitoring was discussed in detail in the NNLL Monitoring Plan 
(Hatfield 2014). 


1.2 STUDY AREA 


The Fort Hills Oil Sands Project is located 90 km north of Fort McMurray, Alberta on the east side of the 
Athabasca River (Figure 1.1). The NNLL has a watershed area of 2,415 ha (Figure 1.2) and is located on 
a terrace of the eastern bank of the Athabasca River that is approximately 150 m wide at each end, 
500 m wide in the middle, and 1,400 m long. The terrace is bounded by the Athabasca River to the west, 
Creek A to the north, bedrock bluffs about 40 to 50 m high to the east, and a bedrock bluff about 5 to 
10 m high to the south. The study area for the Fort Hills NNLL monitoring program included the NNLL, the 
outlet channel and Creek A (the inlet channel). A detailed description of the NNLL, Creek A and the outlet 
channel are provided in the following sections. 
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Figure 1.1 Development area for the Fort Hills Oil Sands Project апдчосанди of No Ме 055 Баке; Alberta, 
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1.2.1 No Net Loss Lake 


The lake was constructed through excavation, with an elevated earthfill containment structure bordering 
the west side of the lake. The earthfill structure was required to avoid excessive excavation that may 
threaten valley wall stability, and to alleviate concerns with excavating below the Athabasca River water 
level. The NNLL has a surface area of 15.34 ha, a volume of 534,000 m?, and a typical operating water 
level of 232.0 mas! (metres above sea level). The maximum lake depth is 6 m, with a mean depth of 
approximately 3.5 m. 


The NNLL was designed to provide habitat for brook stickleback (Culaea inconstans), fathead minnow 
(Pimephales promelas), lake chub (Couesius plumbeus), longnose sucker (Catostomus catostomus), 
northern pike (Esox lucius), pearl dace (Margariscus margarita), slimy sculpin (Cottus cognatus), yellow 
perch (Perca flavenscens), burbot (Lota lota), and white sucker (Catostomus commersoni) (Golder 2006). 
The littoral zone of the NNLL represents 3696 of the total surface area of the lake and was contoured to 
create habitat complexity and diversity to support a variety of fish species (Golder 2006). The depth and 
volume of the lake were designed to maintain dissolved oxygen (DO) concentrations suitable to support 
overwintering fish. 


1.2.2 Creek A and Outlet Channel 


The outlet of the lake was constructed at the south end of the terrace, and discharges into the Athabasca 
River. The lake outlet channel was constructed as a meandering channel, with an average channel and 
wetted width of 6 m and 2.7 m, respectively, and length of 1,250 m. The outlet channel consists of a 
series of riffle and pool sequences, armored with substrate material consisting of well-graded, semi- 
rounded rocks, ranging in diameter from 100 mm to 300 mm. The outlet channel was constructed to have 
the appearance of a natural watercourse, and to provide similar habitat features. The design of the outlet 
channel is intended to allow fish passage between the Athabasca River and the lake during low-flow 
conditions (or discharges greater than 0.02 m?/s for sportfish; Golder 2006), for the purposes of feeding, 
spawning, rearing, and overwintering. 


Creek A (also known as the inlet channel) flows through the northern end of the Athabasca River terrace 
into the NNLL. Creek A has a drainage area of 14.6 km? and is primarily groundwater fed 
(i.e., approximately 8096; SEOI 2015). 


1.3 STUDY DESIGN 


The compensation monitoring program for the NNLL follows a five-year phased approach (Hatfield 2014). 
Post-construction monitoring (2014) focused on quantifying chemical and physical characteristics of the 
NNLL, Creek A and the outlet channel. The compensation monitoring program focused on quantifying the 
chemical characteristics and lower trophic levels in the NNLL. Year one also included quantification of HU 
created by the NNLL and outlet channel and an assessment of fish passage and fish populations in the 
NNLL, Creek A and the outlet channel. 
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1.3.1 Мо Net Loss Lake 


The purpose of the compensation monitoring program is to evaluate the effectiveness of the NNLL in 
providing the intended habitat for fish, and to confirm that fish are using the habitat at or above the level 
predicted in the No Net Loss Development Plan (NNLLDP; Golder 2006). Adaptive management is used 
to inform each subsequent monitoring year, which may result in adjustments to the initiation and 
frequency of specific sampling activities. Monitoring of compensation habitat follows a phased approach, 
initially sampling physical and chemical habitat variables, followed by the incorporation of lower trophic 
levels of aquatic organisms, and higher trophic levels of biota. The sequence for expansion of a sampling 
program allows for the measurement of productivity as it develops over time and as fish populations 
develop. The frequency of monitoring is expected to diminish in the future as physical, chemical, and 
ecological attributes stabilize. In consultation with ОРО, the monitoring components and program 
frequency after the fifth year will be determined based on results of the first five years of the program. 


Monitoring of the NNLL in 2018 included the following components: 
= Continuous monitoring of water level and seasonal in situ water quality; 
= Seasonal analytical testing of water quality; 
s Fall analytical testing of sediment quality; 
" Monitoring of lower trophic level biota: 
o Seasonal plankton monitoring; 
o Summer assessment of the macrophyte community; and 
o Fallassessments of the benthic invertebrate community. 


= Confirmation of assumptions made to identify the limiting Suitability Index (SI) variable for each 
fish species in the lake; and 


= Summer characterization of fish species using the lake. 


Scheduled sampling activities on an annual basis for the NNLL monitoring program are summarized in 
Table 1.1 (Hatfield 2014). 
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Table 1.1 Summary of sampling activities for monitoring of the No Net Loss Lake, 


Fort Hills Oil Sands Project. 


Post- 


Sampling Activity Construction Yow Yer Мен б fee 
onitoring 
Standard Water Quality — Laboratory Analyses Q Q Q Q Q Q 
In Situ Water Quality — Depth Profile - Q Q Q Q Q 
Sublethal (Chronic) Toxicity Testing – Water - М W W W W 
Continuous Monitoring of In Situ Water Quality C C C C С с 
Lake Level Gauging C C C C С С 
Sediment Depth - F F F F F 
Macrophyte Community Assessment - 5 5 5 5 5 
Plankton Community Assessments - Q Q Q Q Q 
Benthic Invertebrate Community Assessments - F F F F F 
Fish Tissue Methyl Mercury Testing - S S S S S 
Standard Sediment Quality Testing - F F F F F 
Sublethal (Chronic) Toxicity Testing – Sediments - F F F F F 
Stratified Fish Abundance Assessments - S S S S S 


5 = Summer; F = Fall; W = Winter; О = Quarterly; C = Continuous. 


! Post-construction monitoring was initiated in 2014 (SEOI 2015); year one to year five of the monitoring schedule is from the 2015 
WY to the 2019 WY. 


Key indicators of ecosystem health within the NNLL have been identified to determine whether the 


precursors to colonization of fish species typical of the Athabasca River watershed are present. 


Key water quality variables included: 
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Temperature — An influencing factor on biological composition and survival. High late summer 
temperatures are considered a limitation of habitat suitability for some fish species. Temperature 
stratification is a key biophysical characteristic of lakes/ponds. 


Dissolved Oxygen (DO) - An influencing factor of biological composition, particularly during late 
winter when anoxic conditions are known to result in die-off of species with high oxygen 
requirements. 


Electrical conductance (conductivity) — A basic indicator of overall ion concentration. 


Total dissolved solids (TDS) and dissolved organic carbon (DOC) - Indicators of total ion 
concentrations and dissolved organic matter (particularly humic acids), respectively. 


pH – A measure of acidity/basicity. Biological communities are known to be affected by waters as 
they become either more basic or more acidic. 


Total suspended solids (TSS) – A variable strongly associated with other water quality variables, 
including total phosphorus, total aluminum, and numerous other metals (RAMP 2009). TSS is 
also an indicator of shoreline erosion. 
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lon balance - lonic composition may be affected by discharges, seepages, changes in the water 
table, or by the relative influences of surface and groundwater contributions to lake water balance. 


Alkalinity — An indicator of the buffering capacity and acid-sensitivity of waters. 


Total phosphorus, total dissolved phosphorus, total nitrogen and nitrate+nitrite — Indicators of 
nutrient/trophic status in the lake. 


Total and dissolved aluminum -Total aluminum (for which water quality guidelines exist) has 
been demonstrated to be strongly associated with suspended solids. Dissolved aluminum also 
was assessed, as it more accurately represents biologically available forms of aluminum that may 
cause toxicity to aquatic organisms (Butcher 2001). 


Total boron, total molybdenum - Two metals found in predominantly dissolved forms in the oil 
sands area, which may be indicators of groundwater influence in surface waters. 


Total arsenic — A variable identified as having potential to be liberated or otherwise introduced to 
groundwater. 


Key sediment quality variables included: 


Particle size distribution (clay, silt and sand) – Sediment particle size is an indicator of the 
depositional regime at a given station, and an important factor affecting organic chemical sorption. 


Total organic carbon – An indicator of organic matter in sediment, including hydrocarbons. 


Total hydrocarbons (Canadian Council of Ministers of the Environment [CCME] fractions + BTEX) – 
Indicators of the total hydrocarbon content of sediments, with each indicator (fraction) capturing 
hydrocarbon compounds of different molecular weights (specifically, number of carbon atoms), and 
concentrations of benzene, toluene, ethylbenzene and xylene (collectively called BTEX). 


Various PAH variables, including: 


o Total parent PAHs — A sum of concentrations of all non-alkylated PAHs measured in a 
given sample; and 


o Naphthalene – A volatile, low-molecular-weight PAH that may cause toxicity when 
dissolved in water. 


Metals — Only metals in sediment that exceed Government of Alberta (GoA) Sediment Quality 
Guideline (GoA 2018) values were presented. 


Key physical variables included: 


Inlet and outlet access conditions — Physical performance of the inlet and outlet with regard to fish 
passage and physical stability. 


Water level — Fluctuations in water level may affect productivity, macrophyte abundance, fish 
passage, and lake retention time. 


Shoreline stability — Areas of shoreline with excessive erosion could negatively affect habitat 
quality in a number of ways. Erosional areas need to be documented and stabilized if they cause 
significant problems. 
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Key biological components, which support fish populations апа the function of fish habitat, included: 


1.3.2 


Plankton communities – À measure of lake trophic status and a food source for some fish and 
benthic invertebrate species. 


Benthic invertebrate communities — Indicator of ecosystem health and biological progression of 
the lake and assessed using variables such as abundance, taxa richness, diversity, and the 
proportion of tolerant and pollution-sensitive taxa in the community. 


Macrophyte communities — Important source of cover for fish in the littoral zone and provides 
spawning habitat for a number of fish species. Also provides habitat for invertebrate communities 
and epiphytic algae. 


Creek A and Outlet Channel 


The objective of monitoring activities for Creek A and the outlet channel is to ensure there is fish passage 
between the Athabasca River, NNLL and Creek A, to evaluate the effectiveness of the outlet channel in 
providing the intended habitat for fish, and to confirm that fish are using the habitat at or above the level 
predicted in the NNLLDP (Golder 2006). 


Monitoring of Creek A and the outlet channel in 2018 included the following components: 


Continuous monitoring of water level and in situ water quality; 
Seasonal analytical testing of water quality; 

Fall assessment of fish habitat and fish passage; 

Fall characterization of fish species distribution and abundance; and 


Continuous monitoring of fish passage in the outlet channel via PIT Tag monitoring stations. 


Scheduled sampling activities on an annual basis for Creek A and the outlet channel monitoring program 
are summarized in Table 1.2 (Hatfield 2014). 


Table 1.2 Summary of sampling activities for monitoring of Creek A and the NNLL 


outlet channel, Fort Hills Oil Sands Project. 


Sampling Activit Post-Construction Year Year Year Year Year 
РОО, Monitoring! One Two Three Four Five 
Standard Water Quality Testing Q Q Q Q Q Q 
Continuous Monitoring of In Situ Water С С С С С С 
Quality 
Water Level Gauging С С С С С С 
Stream Discharge Measurements M M M M M M 
Fish Abundance and Habitat - F F F F F 
Assessments 


Е = Fall; О = Quarterly; С = Continuous; m = monthly, during open-water period. 


1 Post-construction monitoring was initiated in 2014 (SEO! 2015); year one to year five of the monitoring schedule is from the 2015 
WY to the 2019 WY. 
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2.0 
2.1 


МЕТНОО5 
FIELD DATA COLLECTION 


The 2018 МУ monitoring program consisted of the following sampling activities: 


Continuous (hourly) climate monitoring at NNLL through the installation of a climate station 
equipped with various sensors and precipitation gauge; 


Continuous (hourly) monitoring of water level and discharge in NNLL, Creek A and the outlet 
channel through the installation of four calibrated pressure transducers equipped with 
dataloggers; 


Seasonal water quality sampling in the NNLL, Creek A and the outlet channel for the suite of 
variables measured by the Joint Oil Sands Monitoring Plan (JOSMP), including analyses of 
conventional variables, nutrients, organic compounds (i.e., naphthenic acids and total phenols), 
and total and dissolved metals including methyl mercury; 


Continuous (hourly) monitoring in the NNLL, Creek A and the outlet channel of temperature (*C), 
pH, conductivity (uS/cm), and dissolved oxygen (DO) (mg/L), and turbidity (NTU) (NNLL only) 
using multi-sensor equipped datasondes; 


Monthly depth profiles and in-situ water quality monitoring of temperature, DO, conductivity, and 
pH in the NNLL during the open-water season, plus one winter sampling event; 


Deployment of continuous-record dataloggers equipped to measure water temperature and light 
infiltration throughout the open-water season in the NNLL; 


Winter toxicity testing of water in the NNLL; 

Fall toxicity testing of sediment in the NNLL; 

Seasonal assessments of plankton communities in the NNLL; 

Summer assessment of aquatic macrophytes and riparian vegetation; 

Summer monitoring of fish populations of the NNLL using a variety of sampling techniques; 


Fall monitoring of fish populations of Creek A and the outlet channel to assess fish passage 
throughout the system; 


Continuous monitoring of PIT tag readers, installed August 2015 in the outlet channel to assess 
movement of tagged fish; 


Fall assessment of fish habitat of Creek A and outlet channel to assess habitat suitability of 
various fish species; 


Fall assessment of benthic invertebrate communities in the NNLL; and 
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* Fall sediment quality sampling in the NNLL for the suite of variables measured by the JOSMP, 
including analyses of particle size, carbon content, total metals, organic compounds (i.e., four- 
fraction hydrocarbons, total hydrocarbons, and BTEX), and target and alkylated polycyclic 
aromatic hydrocarbons (PAHs). 


Locations of sampling stations in NNLL, Creek A (IC1) and the outlet channel according to monitoring 
type are presented in Figure 2.1 and Table 2.1. A field sampling protocols manual (Hatfield 2015) was 
prepared to standardize field sampling procedures across seasons and years. The field sampling manual 
presents detailed sampling methods and data management techniques for the NNLL monitoring program. 
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Figure 2.1 Locations of sampling stations by monitoring type in No Net Loss Lake, Creek A, 
and the outlet channel, Fort Hills Oil Sands Project, 2018 WY. 
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Table 2.1 Sampling locations for the Мо Net Loss Lake Monitoring Program, Fort Hills 
Oil Sands Project, 2018. 
| Station р б "P UTM Coordinates 
Location Name Station Description Monitoring Components (NAD83 Zone 12) 
121 Littoral Zone, Fish and fish habitat, benthos, 467870.6374340 
southwest end of lake sediment, vegetation 
122 Littoral Zone, Fish and fish habitat, benthos, 467982.6374564 
southwest side of lake sediment, vegetation 
173 Littoral Zone, west Fish and fish habitat, benthos, 468082 6374739 
side of lake sediment, vegetation 
124 Littoral Zone, north Fish and fish habitat, benthos, 468292.6375025 
end of lake sediment, vegetation 
LZ5 Littoral Zone, east Fish and fish habitat, benthos, 468207.6374782 
side of lake sediment, vegetation 
N А 2 : А 
о Net Loss Lake 176 Littoral Zone, Fish and fish habitat, benthos, 468119.6374434 
southeast end of lake sediment, vegetation 
Fish populations, in situ and 
PZ1 Pelagic Zone айас water quality, 468121.6374639 
plankton, benthos, sediment 
quality, thermostring 
Air temperature, atmospheric 
pressure, evapotranspiration, 
CS1 Climate Station precipitation, relative humidity, 468195.6374456 
snow depth, net radiation, wind 
direction, wind speed 
LL1 South side of lake Lake level 468271.6374537 
In situ and analytical water 
Creek A IC1 Inlet quality, hydrology, fish and fish 468517.6375079 
habitat 
In situ and analytical water 
OC1 Outlet of NNLL quality, hydrology, Pit tag 468236.6374394 
antenna 
NNLL outlet Outer channel In situ and analytical water 
channel OC2 4 quality, hydrology, fish and fish 468116.6374222 
downstream of road ү 
habitat 
OC3 Near confluence to Fish and fish habitat, pit tag 467844.6374130 
Athabasca River antenna 
PZ = pelagic zone; LZ -littoral zone, IC = inlet channel, OC = outlet channel; LL = lake level. 
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2.1.1 Climate 


To provide context for the continuous hydrologic data and water temperature data, a comprehensive 10 m 
tower climate station equipped with Campbell Scientific datalogger was installed on June 10, 2015. Тһе 
climate station was programed to collect data at 60-minute intervals and recorded the following variables: 


a Air temperature (°С); 

" Relative humidity (96); 

a Atmospheric pressure (kPa); 

= Net radiation (W/m?); 

= Wind speed and direction (m/s, deg); 
= Snow depth (cm); and 

= Precipitation (mm). 


Near real-time data were transmitted to a database on a daily basis via a remote telemetry connection 
and monitored for anomalies. 


2.1.22 Surface Hydrology 


The hydrology component of the NNLL monitoring program consists of four monitoring stations, the NNLL 
(LL1), the NNLL Lake outlet station (OC1), the channel downstream the NNLL outlet (OC2), and the 
NNLL Creek A inflow (IC1) (Figure 2.1). Monitoring at these stations was conducted continuously, 
throughout the water year (WY = November 1, 2017 to October 31, 2018), using a calibrated pressure 
transducer (Keller Accu-level) connected to an Optimum Instruments DSL400 data logger. Water level 
data for LL1, OC1, OC2, and IC1 was recorded year-round, at 15-minute intervals, and transmitted to a 
database on a daily basis via a cellular telemetry connection. Also transmitting daily via the cellular 
telemetry are daily photos of NNLL from an all-weather CC640 digital camera attached to the climate 
station. 


Eight manual surveys of water surface elevation and discharge measurements were conducted in the 
2018 WY to further refine the stage discharge relationship. Procedures for conducting water level surveys 
were derived from standards published by BC Ministry of Environment (BC MOE 2009). Water level 
elevations were measured with an automatic level, to the nearest 0.001 m. Each survey consisted of two 
sets of measurements, with an acceptable level difference of «0.004 m between the two sets. Surveys 
were conducted using three independent benchmarks as elevation controls at each station. 


Procedures used for streamflow measurements were consistent with Water Survey of Canada (WSC 
2001), United States Geological Survey (USGS 1982), and BC MOE (BC MOE 2009) recommendations 
and protocols. Measurement standards are summarized below: 


= Number of verticals: minimum of 20, or at a spacing of 0.05 m in small streams; 
= Number of velocity observations for an open-water vertical measurement: 


o Where depth is 0.75 m or less, one observation is made at 60% of the depth below the 
surface; and 
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о Рог depths greater than 0.75 m, observations are made at 20% and 80% of the depth 
below the surface. 


= Number of vertical readings for a measurement under ice: the same procedure is used for under- 
ice and open-water velocity observations, with the exception that velocity is measured at 50% of 
the under-ice depth for verticals less than 0.75 m; 


* Опдег-се velocity observations collected at 50% of the effective depth are subject to a velocity 
correction of 0.88 to account for the confining influence of the ice. Verticals measured with two 
velocity measurements are not subjected to any velocity correction; and 


* Velocity averaging: 40-second averages were collected for all meters, including the Sontek 
FlowTracker ADV (Acoustic Doppler Velocimeter), March МсВтпеу  Flo-Mate 2000 
(electromagnetic meter), and Hach FH950 Velocity Flow Meter (electromagnetic meter). 


Downloading, maintenance, and servicing of automated monitoring equipment was conducted during 
each field visit. The hydrologic monitoring stations were equipped with cellular telemetry to provide near 
real-time data to the Aquarius Time-Series? Version 3.10.71 (Aquatic Informatics) software database, 
managed by Hatfield, to ensure data quality and consistency between station visits. 


2.1.3 Water Quality 


2.1.3.1 Іп Situ Water Quality 


Continuous (15-minute intervals) in situ monitoring of temperature (°C), DO (mg/L), conductivity (uS/cm), 
and pH (pH units) was conducted using a datasonde equipped with a multi-sensor (EXO2 sonde) from 
May 11 to October 15 in the NNLL, from May 10 to December 12 in Creek A and May 10 to November 26 
in the outlet of the NNLL (Figure 2.1). The datasonde at the pelagic station of the NNLL was deployed 
from а EMM68 Buoy to a depth of approximately one meter and also monitored chlorophyll а (pg/L) and 
turbidity (NTU) in addition to the above mentioned variables. The datasondes in the inlet and outlet 
channels were secured to the bottom and tethered to the hydrology stations. 


Data from the datasondes were collected at 15-minute intervals and transmitted to a database on a daily 
basis via a remote telemetry connection. Monthly downloading, servicing, cleaning, and calibrating of the 
datasondes occurred during the hydrologic field visits. 


Light penetration and water temperature were measured at the surface and at one-metre depth intervals 
in the NNLL, using near-continuous dataloggers. The loggers measured luminous power in lux, which is 
limited to wavelengths perceived by the human eye. Measuring visible light penetration through the water 
column provides an estimate of the maximum depth where significant photosynthetic activity may occur 
(i.e., the euphotic zone). Temperature (*C) was measured concurrently with light penetration using the 
same dataloggers to monitor thermal stratification of the lake. Data were recorded every 15 minutes from 
May 11 to October 16 and downloaded monthly using Hoboware? software. 
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A YSI PRO DSS ти -тејег was used to collect depth profile measurements of DO (+ 0.01 mg/L), 
temperature (+ 0.01°C), pH (+0.01 pH units), and conductivity (+ 0.01 uS/cm) at the surface (0.3 m) then 
one-metre intervals through the water column at station PZ-1 in March, May, July, August, and 
September; the exception being March where profile measurements were collected under the ice (i.e., no 
surface measurement). At the Lake surface, supplemental measurements of DO were collected using a 
LaMotte portable Winkler titration kit, and temperature, pH, and specific conductivity were collected with a 
calibrated multi-meter Hanna pen to confirm the accuracy of the YSI multi-meter. 


2.1.3.2 Analytical Water Quality 


No Net Loss Lake 


Seasonal water quality sampling of the JOSMP standard analytical package (Table 2.2) was conducted at 
the pelagic station of the lake (PZ1) on March 14, May 11, July 19, and September 19, 2018. The water 
quality sampling station was accessed by boat in spring, summer, and fall, and by drilling a hole through 
the ice using a gas-powered auger in winter. 


During each sampling event, one composite water sample was collected from the lake, with equal 
volumes of water collected from one-metre depth intervals, using a Van Dorn sampler. The Van Dorn 
sampler was cleaned with a metals-free soap (i.e., Liquinox), then triple-rinsed with ambient lake water prior 
to deployment. 


Water samples were collected, filtered, and preserved in labeled bottles according to protocols specified 
by the laboratory and submitted to ALS Environmental (ALS) in Fort McMurray for analyses at ALS 
Edmonton. 


Outlet Channel and Creek A 


Surface water samples were collected seasonally at the three channel stations (IC1, OC1 and OC2) on 
March 14, May 11, July 19, and September 19, 2018. Water quality variables measured were the same 
as those measured at NNLL (with the exception of chlorophyll a) and listed in Table 2.2. Samples were 
collected by submerging each sample bottle to a depth of approximately 0.3 m, uncapping and filling the 
bottle, and recapping the bottle at depth. The ultra-trace mercury bottle was triple-rinsed using this 
procedure prior to the final! sample collection, following guidance from the analytical laboratory; all other 
bottles were filled directly without rinsing. 


Samples were collected, filtered and preserved in labeled bottles and submitted to ALS in Fort McMurray 
for analyses. 
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Table 2.2 Water quality variables analyzed in Мо Net (055 Lake, Creek А and the lake 
outlet channel, Fort Hills Oil Sands Project, 2018. 


Group 


Conventional variables 


Major ions 


Nutrients 


Biological oxygen demand 
Organics 


Total and dissolved metals 


Variable 


Colour 


Dissolved organic carbon (DOC) 


pH 
Conductivity 
Total alkalinity 


Dissolved oxygen 


Bicarbonate 
Calcium 
Carbonate 
Chloride 
Magnesium 
Nitrate+nitrite 


Ammonia nitrogen 
Total Kjeldahl nitrogen 
Biochemical oxygen demand 


Naphthenic acids 


Oilsands extractable 


Total phenolics 


Aluminum (А!) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Cadmium (Cd) 
Cesium (Cs) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Gallium (Ga) 
Iron (Fe) 

Lead (Pb) 
Lithium (Li) 
Manganese (Mn) 
Nickel (Ni) 


Mercury (Hg, ultra-trace) 


Total dissolved solids (TDS) 
Total hardness 

Total organic carbon (TOC) 
Total suspended solids (TSS) 
Temperature 

Hardness (СаСОз) 
Potassium 

Sodium 

Sulphate 

Sulphide 


Total phosphorus — total 
Total dissolved phosphorus 
Chlorophyll а (NNLL only) 


Total recoverable hydrocarbons 


CCME Fractions 2 to 4 and BTEX 
(Benzene, Toluene, Ethylbenzene, 
Xylene) 


Molybdenum (Mo) 
Rhenium (Re) 
Rubidium (Rb) 
Silicon (Si) 
Selenium (Se) 
Silver (Ag) 
Strontium (Sr) 
Tellurium (Te) 
Thallium (Ti) 
Thorium (Th) 

Tin (Sn) 

Titanium (Ti) 
Tungsten (W) 
Uranium (U) 
Vanadium (V) 
Yttrium (Y) 

Zinc (Zn) 
Zirconium (Zr) 
Methylmercury (CH:Hg) 
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2.1.4 Toxicity Testing 


Sublethal toxicity testing was conducted in water and sediment from the NNLL in winter and fall, 
respectively. The winter water sample was collected on March 14, 2018 at the deepest portion of the 
NNLL in the pelagic zone (Figure 2.1) from 0.2 m below the ice surface. A composite of grab samples 
was collected for a total of 20 | of water and poured into non-toxic polypropylene pails. The pails were 
shipped to Maxxam Analytics Inc. in Edmonton for the following analyses: 


a 72-hour growth inhibition test using a freshwater alga (Pseudokirchneriella subcapitata) 
(Environment Canada 2007); 


=  Seven-day reproduction and survival test using a freshwater invertebrate (Ceriodaphnia dubia) 
(Environment Canada 2007); and 


=  Seven-day larval growth and survival test using fathead minnow (Pimephales promelas) 
(Environment Canada 2011). 


Fall sediment sampling was conducted on September 20, 2018 using a 6" x 6" Ekman grab (0.023 m?) 
sampler. As per the protocols described in Environment Canada (2013), five replicate samples were 
collected from each of the littoral pelagic zones. Five littoral stations were sampled, with each station 
representing one replicate sample, from water depths ranging from 0.4 m to 2.2 m (Figure 2.1). At the 
pelagic station, five separate grabs were collected, each grab representing one replicate, from a water 
depth of 6.2 m. Prior to sampling, the pan, spoon, and Ekman grab were washed with metal free soap 
(Liquinox®) and rinsed with ambient water. Samples were transferred to a stainless-steel pan and then 
into 1-L containers (provided by the laboratory) for shipping to Maxxam Analytics Inc. in Edmonton for the 
following analyses: 


=  14-day static test for survival and growth in sediment using a freshwater amphipod (Hyalella 
azteca) (Environment Canada 2013); and 


a Ten-day static test for survival and growth in sediment using the larvae of freshwater midges 
(Chironomus dilutes) (Environment Canada 1997). 


2.1.5 Plankton Communities 


Seasonal plankton surveys were conducted on March 14, May 11, July 19 and September 19, 2018, in 
the deepest portion of the NNLL (Figure 2.1). Plankton samples were submitted to ALS in Winnipeg, MB 
for taxonomic and biomass analyses. 


2.1.5.4  Phytoplankton 


Phytoplankton samples were collected as a composite from below the surface of the water and within the 
euphotic zone (1 m and 2 m) using a Van Dorn sampler. Two grabs were collected in each season and 
transferred to a clean 19-L polyethylene bucket and mixed into one composite sample. Prior to sampling, 
the Van Dorn sampler was rinsed in ambient water to remove any clinging material. The composite 
sample was then transferred to a 500-mL plastic container and preserved with approximately 15 drops of 
Lugol's solution. 


2018 No Net Loss Lake Monitoring Program 18 Hatfield 


000738 


2.1.5.2 Zooplankton 


Zooplankton samples were collected from a composite of two vertical tows at a water depth of 5 т using 
a Wisconsin net. Prior to initiating the vertical tows, the Wisconsin net was soaked in lake water for two 
minutes and rinsed with ambient water to remove any clinging material. Once the zooplankton bucket was 
attached to the net it was lowered to a depth of 5 m in a vertical position. The net was then raised to the 
surface at a continuous rate of approximately 0.5 m/s to minimize avoidance of the net by fast-swimming 
zooplankton. Once at the surface, the outer sides of the net were rinsed with ambient water to wash 
clinging zooplankton from inside the wall of the net to the zooplankton bucket. To avoid the accidental 
introduction of zooplankton to the sample, rinsing was carried out without splashing water into the net 
opening or without lowering the net opening below the water surface. The zooplankton sample bucket 
was then removed from the net and drained into a 500-mL plastic container. Zooplankton were then 
anesthetized with club soda and preserved with 50 mL of 85% ethanol. 


2.1.6 Benthic Invertebrate Communities and Sediment Quality 


2.1.6.1 Benthic Invertebrate Communities 


Fall benthic invertebrate sampling was conducted at the NNLL on September 20, 2018. Samples were 
collected at five littoral stations and one pelagic station (Figure 2.1). Three subsample grabs were 
collected from each station for a total of 18 samples. Grab samples were collected from water depths 
ranging from 0.4 m to 3 m, representative of the littoral zone, and a depth of 6.2 m in the pelagic zone 
using a 6" x 6" Ekman grab (0.023 m?). For each grab, the Ekman jaws were opened over a box sieve 
(250-шт mesh size) and rinsed with ambient water to remove sediment. Sieved material from each grab 
was then transferred to a 1-L plastic container and preserved with 1096 buffered formalin for shipping to 
Dr. Jack Zloty in Summerland, BC for taxonomic analysis. 


Dr. Jack Zloty performed the sorting and taxonomic identifications of benthic samples. Samples were 
sieved again in the laboratory using a 250-um mesh sieve to remove the preservative and any remaining 
fine sediments. The material retained by the sieve was elutriated using a flotation technique to separate 
organic material from sand and gravel, and invertebrates from organic material. Inorganic material was 
scanned under a magnifying lens and any remaining invertebrates were removed before discarding. The 
remaining organic material was separated into coarse and fine size fractions using a 1-mm sieve. The 
fine size fraction of large samples was sub-sampled using a modification of the method described by 
Wrona et al. (1982), in which fine materials were scanned for invertebrates with the aid of a dissecting 
microscope at a magnification of 6X to 10X. А! sorted material was preserved for random checks of 
removal efficiency. 


All benthic invertebrates were identified to the lowest practical taxonomic level, typically genus with the 
exception of Oligochaeta, which were identified to family. 


2.1.6.2 Analytical Sediment Quality 


Fall sediment quality sampling was conducted concurrently with benthic sampling at the NNLL on 
September 20, 2018 using sediment collected from all six littoral stations and the pelagic station 
(Figure 2.1). Sediment samples were collected for analyses of the suite of variables measured by JOSMP 
(Table 2.3) to provide direct comparisons with sediment quality of other lakes in the region. 
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One composite sample was collected in the littoral zone from grabs taken at depths of 0.4 m to 2.2 т 
from the six littoral stations, and another composite sample from a depth of 6.2 m at the pelagic station. А 
6"x 6" Ekman grab (0.023 m?) sampler was used to collect sediments. Grab samples were transferred to 
a stainless-steel pan and homogenized into a single composite sample with a stainless-steel spoon. 
Homogenized samples were transferred to two 250 mL and two 125 mL glass jars for metals analysis, 
CCME hydrocarbons F1 to F4, benzene, toluene, ethylbenzene, and xylene (BTEX), and PAH analyses. 


Separate sediment samples were collected from each station and transferred to individual plastic bags 
and filled approximately 2/3 full for particle size and total organic carbon (TOC)/total inorganic 
carbon (TIC) analysis. 


Prior to sampling, the pan, spoon, and Ekman grab were washed with metal free soap (Liquinox®), and 
rinsed with ambient water (i.e., lake water), then rinsed with hexane, acetone, and again with ambient water. 


Table 2.3 Sediment quality variables analyzed in No Net Loss Lake, Fort Hills Oil 
Sands Project, fall 2018. 
Group Sediment Quality Variable 


Physical variables 


Carbon content 
Total metals 


Organics 


Target PAHs 
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Percent sand 
Percent silt 
Percent clay 
Total inorganic carbon (TIC) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Lead (Pb) 
Mercury (Hg) 


CCME 4-fraction total hydrocarbons: 


F1(C6-C10) 

F2 (C10-C16) 

Total hydrocarbons (C6-C50) 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Benzofluoranthenes 
Biphenyl 

Chrysene 
Dibenzo(a,h)anthracene 


Texture 
Moisture content 


Total organic carbon (TOC) 
Molybdenum (Mo) 

Nickel (Ni) 

Potassium (K) 

Selenium (Se) 

Silver (Ag) 

Tin (Sn) 

Thallium (Th) 

Uranium (0) 

Vanadium (V) 

Zinc (Zn) 

BTEX (Benzene, Toluene, Ethylbenzene, Xylene) 
F3 (C16-C34) 

F4 (C34-C50) 


Dibenzothiophene 
Fluoranthene 

Fluorene 
Indeno(1,2,3,cd)pyrene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 

Pyrene 

Retene 
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2.1.7 Vegetation Communities 


2.171 Macrophyte Communities 


The macrophyte communities of NNLL were surveyed on July18, 2018, at each littoral station to 
document macrophyte cover and density at the permanent macrophyte transects (Figure 2.1). 


Aquatic macrophyte density was determined by estimating the abundance of macrophytes within a 
one-metre square floating quadrat positioned along a transect extending perpendicularly from the littoral 
zone. A benchmark (rebar post) was established at the ordinary high watermark of the NNLL at each 
littoral zone sampling location (LZ1 to LZ6). The ordinary high watermark of any lake is described as a 
distinct line formed by the normal, long-continued action or presence of surface water along the land at 
the edge of the lake (not affected by occasional periods of drought or flooding) (Government of Alberta 
2015; Figure 2.2). Each transect was established in the field by anchoring the Eslon tape to the rebar post 
at the high watermark and extending the Eslon tape perpendicularly into the littoral zone of the lake as far 
as field personnel could wade or until macrophytes were no longer observed. Percent macrophyte cover 
beyond the wadeable depth (approximately 1.5m to 3.0m) was estimated visually with a sinking 
quadrate from a boat and with an underwater camera. 


Figure 2.2 Schematic showing the location of the high watermark (“Bank”) of a lake 
(taken from the Government of Alberta [2015]). 


Transitional > Upland 


Aquatic Vegetation 


Quadrats were placed at 1-m intervals starting at the rebar post (the landward edge of the first quadrat 
starts at 0.0 m and the second starts at 1.0 m, etc.; Figure 2.3). At each one-metre quadrat, the following 
measurements are recorded: 


в" Distance along the transect (landward edge); 


" Percent cover per species; 
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* Plant vigour, based on the following rating system: 
о 4- excellent; green, healthy foliage; 
о З- good; mostly green, but with some faded or yellowish-brownish inclusions; 
о 2-fair or average; faded or yellowish-brownish areas of foliage prominent; 
o 1— poor; faded, yellowish-brownish areas dominate foliage; and 
о O0-dead. 


= Percent substrate composition — visual estimates of areal coverage by particles in standard size 
categories using the modified Wentworth classification system (Cummins 1962); and 


* Water depth (measured at quadrat centre). 


Figure 2.3 Example of 1-m? floating quadrat and 1-m? sinking quadrat positioned 
along a transect in No Net Loss Lake, Fort Hills Oil Sands Project. 


Photographs and voucher specimens were collected if macrophytes could not be positively identified to 
species in the field using Royer and Dickinson (2007); Johnson et al. (1995); and CEMA (2009). Voucher 
specimens were placed in zip lock bags, pressed (if travel was required), refrigerated, and kept moist until 
identification could be verified. 


2.1.7.2  Riparian Vegetation 


Riparian vegetation surveys were conducted concurrently with the macrophyte community surveys at NNLL 
on July 18, 2018, at each of the littoral stations using the permanently established benchmarks 
(Figure 2.1). 


Monitoring of riparian vegetation occurred in reclaimed areas and excluded existing forested landscapes 
(e.g., Transect LZ5). Riparian vegetation function was determined by estimating percent overhead cover 
by species within a 1.8 m radius (10 m?) circular plots positioned along a transect extending landward and 
perpendicular to the ordinary high watermark. Each transect started at the benchmarks established for 
the macrophyte surveys at the littoral zone sampling locations (LZ1 to LZ6) and extended 30 m landward 
to a second benchmark. Transects were established by anchoring the Eslon tape to the benchmark at the 
high watermark and extending the Eslon tape perpendicularly to the second benchmark located 30 m 
landward (Figure 2.4). 
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Circular plots were positioned along each transect at 3.6 m intervals (plot centre to centre) for a total of 
eight 10 m? plots per transect. The centre of the first plot was positioned at 1.8 m using a bamboo stake 
manually pushed into the ground. A 1.8 m rope was anchored to the stake and used to define the 
boundary of the 10 m? circular plot. Within each plot, the following measurements were recorded: 


= Distance along the transect (plot centre); 
a Percent overhead cover; and 


= Percent cover per species. 


Photographs and voucher specimens were collected if plant species could not be positively identified to 
species in the field using Colberg and Abouguendia (2000); Inkpen and Ven Eyk (1998); and CEMA 
(2009). Voucher specimens were placed in zip lock bags, pressed (if travel was required), and 
refrigerated until identification could be verified. 


Figure 2.4 Example of the 10 m? circular plot and the 30 m transect at No Net Loss 
Lake, Fort Hills Oil Sands Project. 


2.4.8 Fish Populations and Habitat 
2.1.8.1 Fish Habitat 


No Net Loss Lake 


Fish habitat surveys on the NNLL were, in part, described in previous sections related to the assessment 
of macrophyte communities (cover for fish) and, temperature and DO of the water. Procedures for the 
assessment of these characteristics are provided in sections 2.1.7.1, and 2.1.3.1, respectively. Data 
collection procedures were specifically developed to provide data that could be used to assess habitat 
suitability for fish species based on the regional Habitat Suitability Index (HSI) models outlined in Golder 
(2008), and to calculate the number of habitat units gained by the lake. 


Shoreline stability and inlet and outlet conditions were assessed in conjunction with hydrometric 
assessments, with a focus on identifying impediments to fish passage following high-flow events and 
during annual low-flow conditions. 
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A qualitative visual survey of the outlet channel and the NNLL is conducted on a seasonal basis to assess 
shoreline erosion, particularly following flooding or large rain events. Observations related to soil erosion 
along the banks of the lake and channels, as well as connectivity between the lake and the outlet channel 
is visually assessed and documented. 


Outlet Channel and Creek A 


Fish habitat surveys on the outlet channel and Creek A (inlet channel) occurred in fall using procedures 
that are consistent with the FiSH Committee Field Sampling Protocols Manual (Hatfield 2013). These 
methods were specifically developed to assess habitat suitability for fish species based on the regional 
HSI models outlined in Golder (2008) and the number of habitat units gained by the outlet channel. The 
protocol for fish habitat surveys on channels is outlined in the following sections. 


Reach Boundary Definition 


The first step in the fish habitat assessment was to define the boundaries of the study reach. A study 
reach consists of a section of watercourse sufficiently long to include all mesohabitat types present in the 
outlet channel (or segment of the outlet channel). Ground-truthing of the reach was conducted prior to 
sampling to ensure that the reach boundaries incorporated all of the habitat types present in the stream 
segment; however, as a rule of thumb the study reach was 40 times the wetted width of the channel. 


Once the study reach was delineated, the upstream and downstream boundaries were measured with a 
GPS and recorded. The reach length was measured along the thalweg (the deepest portion of the stream 
channel) using a hip chain. 


Mesohabitat Classification 


Once the study reach boundaries were defined, the reach was broken up into individual mesohabitat 
units. Each mesohabitat unit is defined by its habitat type, based on the classification system outlined in 
Table 2.4. Due to changing seasonal flow conditions, mesohabitat unit boundaries change from season to 
season and are measured accordingly. Similar to reach length measurements, mesohabitat unit lengths 
were measured with a hipchain along the thalweg. Key habitat elements of each mesohabitat unit were 
measured to provide an overall description of suitability for fish use. Fish habitat information recorded at 
each mesohabitat included observations of channel characteristics and fish cover components, and in situ 
measurements of water quality. A summary of key variables, measurement methods, and precision, is 
presented in Table 2.5. 


Verification of an HSI model requires that, at a minimum, mesohabitat units selected for fish sampling are 
also assessed (Hatfield 2013). # one of the primary study objectives is to characterize aquatic habitat, 
then it is recommended that all mesohabitat units within the study reach are classified and measured; 
however, this additional effort is not required for assessing suitability indices. 
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Table 2.4 Classification of riverine mesohabitats as described in Golder (2008) used 


for the Fort Hills Oils Sands Project. 


Habitat Type Class Abbreviation Description 


High velocity/gradient relative to run habitat; surface broken due to submerged or 
exposed bed material; shallow relative to other mesohabitat units; coarse 
substrate; usually limited instream or overhead cover for juvenile or adult fish. 


Riffle - КЕ 


Highest quality/deepest run habitat; generally deep/slow type; coarse substrate; 
high instream cover from substrate and/or depth (generally >1.0 m deep). 


Moderate quality/depth; high to moderate instream cover except at low flow; 


Run 2 R2 
. generally deep/fast ог moderately deep/slow type (generally 0.75 to 1.0 т deep). 


Lowest quality/depth; generally shallow/slow ог shallow/fast type; low instream 
cover in all but high flows (generally 0.5 to 0.75 m deep). 


Typically formed by downstream streambed hydraulic control, (e.g., riffle and not a 
beaver dam). Highest quality pool habitat based on size and depth; high cover 
due to instream features and depth; suitable holding water for large-bodied adults 
and physically suitable (although water quality may not be suitable) for 


Pool overwintering (generally »1.5 m). 


Moderate quality shallower than P1 with high to moderate instream cover except 
during low flow conditions; not suitable for overwintering large-bodied fish species. 


Low quality pool habitat; shallow and/or small; low instream cover at all but high 
flow events. 


Typically pools that are formed behind beaver dams; tend to accumulate 
sediment/organic debris more than scour pools; may have cover associated with 
damming structure. 


impoundment - IP 


Table 2.5 Fish habitat variables and sampling methods used at Creek A and the 


NNLL outlet channel, Fort Hills Oil Sands Project, September 2018. 


Habitat Variable Measurement Method Minimum Target Precision 
Reach boundaries GPS unit + 5 т (арргох.) 
Channel and wetted widths Measuring tape +01m 
Reach and mesohabitat lengths Hip chain £0.1m 
Water velocity Velocity meter + 0.01 m/s 
Substrate Visual estimate + 596 
Cover Visual estimate + 596 
Depth — discrete Incremented depth staff x0.01m 
Photographs Digital camera 5 megapixel 
In situ DO — discrete Winkler titration kit + 0.1 mg/L 
In situ water quality — discrete (temperature, pH, Handheld meter(s) 0.1'C 
conductivity) 0.1 pH 
1 uS/cm 
In situ water quality — continuous (DO, temperature, Datasonde + 0.01 mg/L 
pH, conductivity) 001'C 
0.01 pH 
0.1 uS/cm 
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2.1.8.2 Fish Populations 


Fish sampling was conducted in the NNLL between August 13 and 16, 2018. Sampling locations and 
fishing methods applied are presented in Table 2.6, Figure 2.5 and Figure 2.6. A Fish Research License 


was obtained from Alberta Environment and Parks (AEP) prior to sampling. 


All minnow trapping and hoop netting consisted of overnight sets, to maximize the probability of fish 
captures. Gillnets were set during the day with soak times of approximately two hours. Each boat 
electrofishing pass consisted of a 100-metre long sampling transect. 


Table 2.6 Sampling locations and fishing methods applied to No Net Loss Lake, Fort 
Hills Oil Sands Project, August 2018. 


UTM Coordinates 


Station Type Station Name 


PZ-1 
Р2-2 
12-1 

12-2 
12-3 
12-4 
12-5 
12-6 


Lake Рептејег 


Pelagic 


Littoral 


Island Perimeter 


12 V 468121 E 6374639 М 
12V 468271 E 6374537 N 
12V 467870 E 6374340 N 
12V 467982 E 6374564 N 
12V 468082 E 6374739 N 
12V 468292 E 6375025 N 
12V 468207 E 6374782 М 
12V 468119 E 6374434 N 


Fishing Techniques! 
GN, AN 

GN, AN 

MT, HN, SN 
MT, HN, SN 
MT, HN, SN 
MT, HN, SN, AN 
MT, HN, SN, 
MT, HN, SN 

EF 

EF, AN 


! MT: minnow trapping; HN: hoop netting; EF: boat electrofishing; SN: beach seining; AN: angling; GN: gillnetting 
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Figure 2.5 Locations of minnow traps deployed at No Net Loss Lake, Fort Hills Oil Sands 
Project, August 2018. 


467,800 468,000 468,200 468,400 


Lake Statistics 


Lake Volume = 530,056 т: 
Mapped Area = 154,254 m? 
Average Depth = 3.4 m 

Maximum Depth = 6.8 m 

Area of Littoral Zone = 65,056 т? 
Percent Littoral Zone = 4096 
Littoral Zone is less than 3 m deep 
Lake Elevation = 232.190 таз! 
Elevation measured July 10, 2014 


6,375,000 


6,374,800 


6,374,600 


Depth (m) 

ШИ 60 - 70 
ШЫ 5.0 - 6.0 
EM 10 - 5.0 
[33.0 - 4.0 
[00020 - 3.0 
Ш 10-20 
ШИ 0,0 - 10 


6,374,400 


0 25 50 100 N 
ee Г À 
Scale: 1:5,000 


Projection: NAD 1983 UTM Zone 12N 


Legend 


2» Bathymetric Contour interval (m) 
Minnow Traps Data Sources: 
® August 13. 2018 Edmonton a) Minnow Traps, Hatfield August 2018. 
• 


b) Bathymetry information created 
in 2011 using Dr. Depth softw: 
& August 14, 2018 ана S канын 


Li Hatfield 


CONSULTANTS 


Calga 
о дагу 


No Net Loss Lake Monitoring Program 
K:\Data\Project\SUN9032\A_MXD\SUN9032_Fig2_5_NNLL_Electrofishing_MinnowTrap_20190222_v_1_SS.mxd 


000747 


6,375,000 


6,374,800 


6,374,600 


6,374,400 


Document Released Under the Access to 


Information Act / Document divulgué en vertu 


de la Loi sur l'accés à l'information. 


Figure 2.6 Fish sampling locations by gear type at No Net Loss Lake, Fort Hills Oil Sands 
Project, August 2018. 
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The Gee minnow traps that were used for collecting small-bodied species consisted of a standard mesh 
size of 6.4 mm and a trap entrance diameter of 25 mm. Five traps were baited, with manufactured 
marshmallow bait, and deployed along а transect for a maximum of 24 hours at each littoral station for a 
total of 30 traps. Traps were placed across a range of depths (0.5 m, 1.0 m, 1.5 m, 2.0 m, and 3.0 m) of 
the littoral zone («3 m deep) using a Hummingbird portable depth sounder (“110 fishin' buddy"). 


The hoop nets measured 3.4 m in length with a 12-mm mesh size and an entrance ring diameter of 
1.1 m. Hoop nets were deployed opportunistically in one of two ways: 1) with the opening parallel to shore 
and an attached seine net extending perpendicular to the shoreline (Figure 2.7); or 2) with the opening 
perpendicular to shore and a seine net attached to the wing extending to the shoreline. Hoop nets were 
set at each of the littoral stations, baited with sardines and left to soak for a maximum of 24 hours. 


Figure 2.7 Photograph of a hoopnet set in the No Net Loss Lake littoral zone, Fort 
Hills Oil Sands Project, August 2018. 


Gillnetting was conducted using multi-gang scientific nets with panel mesh sizes of 25 mm, 38 mm, 
51 mm, 64 mm, 76 mm, 102 mm, and 127 mm; each of the seven panels was 7.6 m long by 2.4 m deep. 
Gillnets were set in the pelagic area of the lake and were left to soak for a maximum of two hours per set. 
One floating gillnet, at the surface of the lake, and one sinking gillnet, at a depth greater than three 
meters, were deployed during the program in an effort to sample the whole water column. 


Boat electrofishing was conducted using a Smith-Root 2.5 GPP portable electrofisher with dual boom 
arrays and two dip-netters. One complete perimeter sweep was completed within the shallow area of the 
littoral zone as well as the perimeter of the island followed by six 100 m transects in the deeper portion of 
each of the littoral stations (Figure 2.6). 


Seine netting utilized one 10-m juvenile stop-net (0.25" mesh size) deployed (i.e., pulled) three times at 
each littoral station with approximately 20 m distance between each sampling replicate (Figure 2.6). 
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Angling was conducted at мо pelagic stations, two littoral stations (LZ3 апа 174) and from the island in 
2018 (Figure 2.6). Angling consisted of casting for 15 minutes per location using assorted fishing tackle. 


All captured fish were identified to species, weighed with a digital tabletop scale (400g + 0.01 g), 
measured (+1 mm fork length), and examined for external abnormalities. АН large-bodied fish greater than 
150 mm in length received PIT tags to allow recapture data to be generated during future sampling 
events and track the movement of tagged fish. PIT tags were inserted into the ventral area of the 
abdominal cavity midway between the pectoral and pelvic fins using an MK10 syringe-style implanter. A 
Biomark 601 handheld reader was used to scan captured large-bodied fish for the presence of previously 
deployed PIT tags. Anal fin rays were collected from each northern pike for ageing analysis, using 
protocols described in MacKay et al. (1990); the minimum fork length of pike for collecting a non-lethal 
ageing structure was 150 mm. The fin rays were placed in scale envelopes to dry, and shipped to 
North/South Consultants (Winnipeg, MB) for age determination. 


Outlet Channel and Creek A 


Fish population monitoring on the outlet channel and Creek A was conducted concurrently with the fish 
habitat surveys on September 18, 2018, to assess fish utilization per mesohabitat unit of the outlet 
channel and fish passage throughout the system (i.e., from the Athabasca River through the outlet 
channel to the NNLL and from the NNLL into Creek A). Fish population monitoring was consistent with 
procedures outlined in the FiSH Committee Field Sampling Protocols Manual (Hatfield 2013). 


Fishing units are also referred to as sampled mesohabitat units (SMUs) because they are positioned 
within a single mesohabitat type. SMU replicates were selected to provide data for the entire range of 
mesohabitat classes present in each survey reach. The length of each SMU was dependent on the size 
of the meshohabitat unit being sampled, but as a rule of thumb was no less than 10 m in length, and 
generally no more than 50 m. 


The fish survey was conducted using single pass (full coverage) backpack electro-fishing (Smith Root 
LR-20B electrofisher) to collect a representative proportion of each fish present in an SMU. All fishing 
units sampled had a wetted width of less than «5 m and an average depth of «1 m. As such, one 
backpack electrofisher and one netter were used to sample the entire SMU length from bank-to-bank 
without bias towards specific areas. 


All fish captured from each pass/station were held in separate aerated holding containers until the survey 
was completed. АЛ captured fish were enumerated, weighed with a digital scale (+0.1 0), and measured 
for fork length (+1 mm). Stage of maturity was recorded when possible. All large-bodied fish with a fork 
length greater than 150 mm also received a PIT tag. 


Remote PIT Tag Stations 


Two PIT Tag stations (readers and antennae; 151001 Standalone) were installed in the outlet channel in 
the summer of 2015. One antenna was installed at the outlet of NNLL (OC1) and the second installed 
near the confluence with the Athabasca River (OC3). The locations of the PIT Tag stations were selected 
to monitor fish passage through the system. The intent of the OC1 station is to monitor fish movement in 
and out of the lake, and the station at OC3 was deployed to monitor fish moving in and out of the outlet 
channel from the Athabasca River. The antennas only record fish that have been tagged with PIT tags. 
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The system began submitting real-time data on October 13, 2015 via cellular-based telemetry and 
operates year-round. 


2.1.8(.3 Fish Tissue 


Muscle tissue from 24 northern pike, one burbot and three yellow perch that measured >150 mm fork 
length were sampled non-lethally for mercury and methylmercury analysis using a clean, unused 4-mm 
dermal biopsy punch (Acuderm Inc.). As specified in the FRL a maximum of five fish per 100 mm size 
class to a maximum of 30 samples per species were sampled, and individual fish with evidence of 
previous sampling were excluded from additional analysis of methylmercury in tissue. 


Prior to sampling, a few scales were removed from the fish and the dermal punch was then positioned on 
the surface of the skin over the dorsal musculature. The punch was pushed into the dorsal musculature, 
using pressure and a twisting motion moderate enough to penetrate the muscle, but not to penetrate 
through to the fish cavity. Upon extraction, the punch was rotated in a twisting motion using slight angular 
pressure in order to assist in obtaining the muscle plug sample. The tissue plug was then blown through 
the hollow punch into a sterile, pre-labelled, pre-weighed (+ 0.001 g) 4 mL externally-threaded cryovial. 
The wet weight of the plug was then recorded (+ 0.001 9) for the calculation of total mercury 
concentration, and was placed immediately on dry ice in a cooler. After extraction of the punch, the void 
left in the fish was filled with a waterproof “bandage” sealant (Nexaband S/C, Topical Tissue Adhesive, 
Formulated Cyanoacrylate) in order to decrease the chance of infection. 


All sampling equipment was rinsed using metals-free soap and distilled water, hexane, then acetone, and 
re-rinsed with deionized water after each fish to avoid cross contamination. Tissue samples were 
transported in a cooler on dry ice and held in the Hatfield freezer (Fort McMurray) before being shipped 
on dry ice to Flett Research (Winnipeg) for mercury analysis. 


2.2 ANALYTICAL APPROACH AND DATA ANALYSIS 
2.2.1 Surface Hydrology and Climate 


During the 2018 WY, the NNLL hydrometric stations were visited in December, February, March, May, 
June, August, September, and October, for a total of eight field visits. The purpose of the hydrometric 
monitoring on NNLL was to assess: 


„ {һе hydrologic characteristics of the basin, which includes determining if year-round inflows and 
outflows to and from the lake occurred; 


= iffish passage from NNLL to the Athabasca River was possible through the Outlet Channel; and 
a {һе water level variation in NNLL and if a stable littoral zone is maintained. 


The assessment was conducted using the field data collected at each of the four hydrometric stations, as 
well as the climate station, and from the manual measurements conducted during each of the eight field 
visits. 
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2.2.1.1 Data Analysis 


In order to assess the NNLL hydrologic conditions in a regional context, comparisons with regional 
hydrometric and climate stations were performed. The closest publicly available hydrometric data set with 
a sufficient record length to provide meaningful long-term data is the WSC hydrometric station, 
07DA008 – Muskeg River near Fort McKay, which is approximately 20 km south of NNLL. The 2018 WY 
07DA008 hydrograph, as well as historical discharge statistics, were used to provide regional context. 


The hydrologic conditions of NNLL were assessed using the NNLL lake level (LL1), the inflow (ІС1), and 
outflow (OC1 and OC2). The NNLL water level was assessed by comparing the lake level variations to 
previous years' records, the precipitation from the NNLL climate station as well as the design criteria set 
out by Golder (2006). The discharge timing and magnitudes for IC1, OC1, and OC2 were compared 
relative to one another and the lake outlet channel design discharge. Historical IC1, OC1 and OC2 flows 
were graphed and evaluated to determine whether consistent flow was present in the outlet channel on a 
year-round basis. 


A volumetric water balance was calculated to quantify the water inputs and losses from NNLL. This 
allowed the hydrologic functionality of the lake to be assessed and identifies potential changes over time. 
The water balance was calculated on a daily basis using the equation described in Hood (2006): 


IG — Об =AV/At - P -E— Is + Os 
All water balance components and data sources are described in Table 2.7. 


Table 2.7 Components and data sources used to calculate the water balance for the 
No Net Loss Lake, Fort Hills Oil Sands Project, 2018 WY. 


Component Data Source Location Operator 

IG-OG - Residual (Groundwater) Calculated N/A N/A 

AVIAt — Lake storage change LL1 Water Level Station NNLL SEO! (May 2014-) 
P – Precipitation NNLL Climate Station NNLL SEOI (May 2014-) 


Morton Method evaporation 


E - Evaporation data (AESRD, 2013)! NNLL ЗЕО! (May 2014-) 
Is — Inflow (surface water)? IC1 Hydrometric Station NNLL SEOI (May 2014-) 
Os - Outflow (surface water)? OC1 Hydrometric Station NNLL SEOI (May 2014-) 


1 Evaporation data were derived by averaging monthly Morton Method values from 2017 for NNLL and disaggregating monthly 
values to daily by dividing by the number of days in each month. 


? Missing data points were filled with interpolated values for the purpose of calculating the water balance. 


The residual component of the water balance reflects the water that is not accounted for by the known 
measured or calculated components and is generally accepted to be the groundwater component of the 
water balance. A positive residual value indicates the lake gained water from groundwater inputs 
(i.e., IG), and a negative residual value represents water losses to groundwater (i.e., OG). 
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2.2.1.2 Hydrometric Data Production Procedures 


Production of the NNLL hydrometric data was completed using procedures outlined in BC MOE (2009) 
and WSC (2001). In general, corrections to water level data were applied where differences with manually 
surveyed water levels exceeded 0.004 m. Manual discharge measurements and concurrent water levels 
were compared on a plot of stage versus discharge, to develop a stage-discharge relationship (SDR). 
Following the development of an SDR, a discharge time series was calculated using the continuous stage 
(water level) record and the SDR using the following equation: 


X-C*(Y—a)^b 


where X is the calculated discharge (in m?/s), C is a rating curve constant, Y is the manually measured 
stage (m), a is the rating curve offset (or stage at zero flow), and b is the rating curve slope. 


During the computation of a calculated, continuous discharge time series, corrections were applied to the 
available SDR model to ensure that the calculated discharges fell within 596 of the manual discharge 
measurements. This was accomplished by shifting the SDR to the available manual measurements. Shift 
corrections help to account for streambed scour or deposition processes and backwater effects on the 
SDR. It should be noted that the SDR's derived for the stations in the NNLL monitoring program utilize a 
relatively short period of record and are considered preliminary. These SDR's will be revised and refined 
with the collection of additional discharge measurements. 


2.2.2 Water Quality 


2.2.2.1 Іп Situ Water Quality 


Monthly in situ water quality depth profiles were presented graphically and in tabular format for the NNLL 
to assess seasonal lake stratification across the water column and seasons. 


Data from the light penetration and water temperature loggers were plotted into depth-integrated time- 
series graphs using SigmaPlot 12.5. 


Continuous time trend graphs of the daily in situ water quality measurements were presented in graphical 
format and screened against relevant guidelines where possible. 


2.2.2.2 Analytical Water Quality 


Water quality results were presented in tabular format, compared across seasons, and screened against 
relevant guidelines for the protection of aquatic life (GoA 2018). Key water quality variables were 
presented in graphical format across seasons and years for the NNLL, the outlet channel and Creek A. 


A Piper plot diagram was also used to illustrate the ion concentrations in the NNLL and outlet channel. 


2018 No Net Loss Lake Monitoring Program 33 Hatfield 


000753 


2.2.3  Sublethal Toxicity Testing 


2.2.3.1 Water Toxicity 


Results of the 72-hour growth inhibition test using a freshwater alga were presented in graphical format to 
show mean cell count across the range of lake water concentrations. Results of the reproduction and 
survival test using a freshwater invertebrate were presented in graphical format to show the mean 
number of neonates produced and percent mortality across the range of lake water concentrations. 
Results of the larval growth and survival test using fathead minnow were presented graphically showing 
biomass (mg/fish) and percent mortality across the range of lake water concentrations. Inhibitory 
concentrations (IC25 and 1250) and/or lethal concentrations (LC25 and LC50) were identified for each 
test. 


2.2.8.2  Sediment Toxicity 


Results of the static test for survival and growth in sediment using a freshwater amphipod and freshwater 
midge were presented in graphical and tabular formats showing the percent survival compared against 
laboratory controls. 


224 Plankton Communities 


The following indices were used to assess phytoplankton and zooplankton communities of NNLL: 


a Abundance (No./m?) - Reflects the density of organisms іп the lake. Nutrient enriched systems 
often support greater numbers of species per unit area, which can be measured by an increase in 
abundance; 


= Таха richness — The number of distinct taxa present in a sample or per unit area. Systems with 
more taxa are generally considered to be of higher environmental quality. Moderate nutrient 
enrichment generally increases taxa richness, while excessive enrichment may affect water 
oxygenation, resulting in a reduction in richness. Toxic conditions in water, will also affect taxa 
richness and composition; 


a Simpson's diversity index (D), where 
D=1- Уе? 


and piis the proportion that taxon i contributes to the total number of invertebrates in a sample; апа 


= Evenness - measure of “diversity” that also incorporates abundance. Evenness is an alternative 
measure of diversity that is standardized against the "maximum possible" diversity (defined as a 
community with equal numbers of all taxa present), where 


Evenness = 
1 
D -1-|- 
тах (s) 
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Diversity is lower when stations аге dominated by а few taxa. High diversity and evenness аге considered 
indicators of favorable habitat conditions. 


All indices were presented in tabular and graphical format. Percent abundance and biomass (mg/m?) of 
each taxa group were also presented graphically. 


2.2.5 Benthic Invertebrate Communities and Sediment Quality 


2.251 Benthic Invertebrate Communities 


The following indices, which are similar to the plankton indices, were used to assess benthic invertebrate 
communities of the NNLL: 


a Abundance (No./m?); 

" Taxa richness (number of taxa); 

="  Simpson's diversity (see equation in Section 2.2.4); 
" Evenness (see equation in Section 2.2.4); and 


" Percent ETO (percent of fauna as Ephemeroptera, Tricoptera and Odonata) — A measure of the 
percentage of all benthic invertebrates in a sample that belong to the more sensitive groups of 
mayflies, caddisflies and dragonflies/damselflies. The presence of more sensitive species is an 
indicator of a healthy aquatic system. This measure is generally more applicable to lake/pond 
habitats than the measure of percent EPT (Ephemeroptera, Plecoptera, and Tricoptera), used for 
erosional stream habitats. 


With the exception of percent ETO, these are the same assessment metrics identified in the RAMP 
Design and Rationale Document (RAMP 2009), and which continue to be used for ongoing regional oil 
sands monitoring under the JOSMP (JOSMP 2016). Using the same assessment metrics for the NNLL 
allows comparisons to be made with long-term regional datasets (e.g., McClelland Lake, Shipyard Lake, 
Isadore's Lake, and Kearl Lake). 


All indices were presented in tabular and graphical format. Proportions of major taxonomic groups and 
functional feeding groups in the benthic invertebrate community were presented graphically. 


2.2.5.2 Sediment Quality 


Key sediment quality variables, outlined in Section 1.3.1 and relevant to oil sands development, were 
presented in tabular format and screened against sediment quality guidelines for the protection of aquatic 
life (GoA 2018) and compared to regional lakes (e.g., McClelland Lake, Shipyard Lake, Isadore's Lake, 
and Kearl Lake). 
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2.2.6 Vegetation Communities 


2.2.6.1 Macrophyte Communities 


Summer marcophyte density was presented in tabular format. Percent cover of each species in 1 т? 
quadrats were presented to assess changes in community composition across depths of the littoral zone. 
Overall macrophyte cover in the littora! zone for validation of fish habitat suitability when calculating HU in 
the NNLL was determined by averaging percent cover across the six macrophyte transects. 


2.2.0.2  Riparian Vegetation 


Percentage of overhead cover per plot for each transect was presented is tabular format. 


2.2.7 Fish Habitat 


Fish habitat was assigned measures of quality based on the Habitat Evaluation Procedures (HEP) 
approach developed by the Unites States Fish and Wildlife Service (USFWS 1980). Habitat quality was 
defined using HSI, which rank the importance of available habitat for specific species and life stages of 
fish (Golder 2008) and are an integral part of the HEP approach (USFWS 1980). The HSI for a given 
species and area represents a conceptual model that describes how measurable habitat variables relate 
to the suitability of a discrete habitat unit, scaled from 0 to 1 (i.e., unsuitable to optimal). Typically, a wide 
variety of habitat variables are used in the model, with each represented by a single suitability index (SI), 
which may be life stage-specific. The Sls are linked by functions that reflect relationships among 
variables, but often variables are assumed to be independent. Together the 515 makes up a single HSI for 
a species. 


HSI models were applied to assess overall habitat suitability for fish populations in the NNLL and the 
outlet channel. HSI models outlined in Golder (2008) were applied to all fish species identified for 
inclusion to the NNLL (Golder 2006) to calculate habitat suitability values. Suitability index (SI) values 
were calculated for each fish species, using habitat data collected across all four seasons. SI values were 
calculated as follows: 


1. Each habitat variable in the HSI model was assigned a ranking between O and 1 (0 = попе; 
>0to0.3 =  belowaverage; >03t006 = average; >0.6 ю0.9 = above average; 
and >0.9 to 1.0 = excellent). 


2. If the habitat variable had multiple categories with multiple rankings, a weighted average was 
used to determine overall ranking for each habitat variable. 


3. Formost small-bodied fish species the SI was determined by the lowest ranking habitat variable in the 
HSI model; for sucker species and sportfish, SI determination was species-specific (Golder 2008). 


HU per species were then calculated by multiplying the area of the NNLL and outlet channel by the SI 
value for each species. 
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2.2.8 Fish Populations 


Catch-per-unit-effort (CPUE), grams per-unit-effort (GPUE) and percent composition was calculated and 
presented in tabular format for each species by location and gear type. CPUE was used to index fish 
abundance and GPUE was used to index fish biomass. CPUE calculations by gear type were 
summarized in Table 2.8. The number of fish captured, tagged and aged was presented in tabular format. 


Table 2.8 Catch-per-unit-effort calculations per gear type in No Net Loss Lake, Fort 
Hills Oils Sands Project, 2018. 


Gear type Catch-per-unit-effort 

Minnow traps Number of fish per minnow-trap hour 

Hoop net Number of fish per hoop-net hour 

Gillnets Number of fish per gillnet minute 

Beach Seine Number of fish per pull 

Electrofishing Number of fish per 100 electrofishing seconds 
Angling Number of fish per 15 angling minutes 


2.2.8.4 Fish Tissue 


Results of total mercury concentrations in fish tissue were presented with age data in tabular format and 
screened against Health Canada guidelines for general fish consumption (0.5 mg/kg; Health Canada 
2007) and subsistence fish consumption (0.2 mg/kg; Health and Welfare Canada 1979). Mercury 
concentrations in fish tissue collected from the NNLL were standardized to size and compared to mercury 
concentrations in fish collected from other lakes in the region by JOSMP. Regional comparisons of 
mercury concentrations in fish tissue were presented graphically. 


2.3 QUALITY ASSURANCE AND QUALITY CONTROL 


Quality assurance and quality control (QA/QC) procedures and results are provided in Appendix A5. 


3.0 RESULTS AND DISCUSSION 
3.1 SURFACE HYDROLOGY AND CLIMATE 


3.1.1 Historical Precipitation Conditions 


To provide a historical perspective, precipitation from a regional climate station in the 2018 WY was 
compared to long-term historical data. The closest regional climate station with a long historical record is 
the Aurora climate station (Aurora), part of the AEP network. In the 2018 WY, precipitation at C1 was 
1595 higher than the long-term average at the Aurora station (2004-2017; Figure 3.1). The 2018 WY 
precipitation at NNLL was 1.0% higher than the Aurora long-term average, and 16.1% lower than the 
2018 WY. The 2018 NNLL and Aurora months of January through May and August through October 
tended to be drier than the long-term average with November, December, June and July exceeding the 
long-term average and accounting for almost 75% of the annual precipitation. 
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Figure 3.1 Monthly and cumulative precipitation at the NNLL and Aurora climate 
stations in the 2018 WY relative to historic precipitation. 
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3.1.2 No Net Loss Lake 


3.1.2.1 Lake Levels 


The lake level of NNLL during the 2018 WY exhibited a greater range than in previous years (Figure 3.2). 
Maximum and minimum lake levels at NNLL station LL1 were 232.532 m and 232.284 m, respectively, 
and remained above the historical lake mean water level and designed operational water level of 232.0 m 
(Golder 2006) for the duration of the 2018 WY. The average lake level in the 2018 WY was greater than 
previously recorded, except for two brief periods between late-March and early-May 2018. 


Figure 3.2 Water level of No Net Loss Lake in the 2018 water year compared to the 
historical range (2014-2018) and daily precipitation measured in 2018. 
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! NNLL Climate Station precipitation data presented from November 1, 2017 to October 31, 2018. 

? NNLL Climate Station precipitation data estimated from December 7-18, 2017 and February 3-8, 2018 due to faulty power supply. 
3111 water level data gaps from November 2017 through to February 2018 due to faulty power supply. 

* LL1 pressure transducer removed for calibration on October 16, 2018. 


Variability in lake levels was closely related to specific precipitation events, such as the early and late 
June, late July, late August and early September large rainfall events as presented in Figure 3.2. There 
was also a prominent rise in lake level beginning May 15 which coincides with freshet and the initial 
beaver activity identified at the lake outlet. Ongoing beaver activity (i.e., dam construction at the lake 
outlet; see Section 3.6.1.1 and Figure 3.3) from May to September contributed to lake water levels that 
were higher than previous years (Figure 3.4). 
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Figure 3.3 Photo of beaver dam at NNLL outlet looking upstream on July 18, 2018. 


Pumping into NNLL during construction along the toe of earthfill berm occurred in March and April but did 
not contribute significantly to the rise in lake level during that time. In general, hydrologic conditions and 
beaver activity in 2018 resulted in the NNLL water level elevation to be higher than previous years and 
between 0.284 m and 0.532 m above the design operational water level as seen in Figure 3.2. 
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Figure 3.4 Continuous No Net Loss Lake volume and precipitation (2014-2018). 
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Note: Based оп а lake volume of 530,056 т? and lake area of 152,480 т? on July 10, 2014. Assumes constant lake area. 


The maximum variation in lake level over the 2018 WY was 0.248 m. The littoral zone (defined as <3 m 
deep) accounts for approximately 40% of the NNLL of which 8.3% was exposed to lake level fluctuation 
compared to 5.6% in 2017 and 6.1% in 2016. The increase in littoral zone area exposed to lake level 
fluctuation in 2018 is mainly a result of beaver dam construction at the lake outlet. 


3.1.2.2 Lake Inflows and Outflows 


Discharge hydrographs for the lake inlet (station IC1, Creek А), the lake outlet (station OC1) and a 
downstream outlet channel (station OC2) for the 2018 WY are presented in Figure 3.5, and for the 
historical period of record in Figure 3.6. 


Similar to previous water years, the discharge of Creek A at station IC1 was consistently higher than the 
lake outlet flow recorded at station OC1, with the exception of numerous spikes at station OC1 coinciding 
with beaver dam removal events. 
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Figure 3.5 Discharge hydrographs measured at stations IC1 (Creek A), OC1 (the 
Outlet), and OC2 (Outlet Channel), Fort Hills Oils Sands Project, during the 
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11С1 data gaps from December 19, 2017 to January 6, 2018 due to faulty logger. 
2 Multiple discharge spikes from late May onwards at both OC1 and OC2 due to beaver dam removals at NNLL outlet above OC1. 


Figure 3.6 Discharge hydrographs measured at stations IC1 (Creek A), OC1 (the 
Outlet), and OC2 (Outlet Channel) from 2014 to 2018, Fort Hills Oils Sands 
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initial beaver dam construction in early May effectively raised the level of the NNLL outlet control resulting 
in a prolonged decrease in discharge at both station OC1 and station OC2. Following the initial dam 
removal on May 28", the dam was rebuilt by beavers and removed by Fort Hills staff a total of sixteen 
times. Not until the beavers were removed on September 28" did the discharge return to historical norms. 


Mean annual discharge (MAD) at station OC2 was 5.4 times greater than the MAD recorded at station 
OC1 during the 2018 WY. This increase in flow occurs over a short distance of approximately 300 m and 
is derived almost entirely from groundwater flowing to a ditch along the road-cut slope that enters the 
outlet channel between stations OC1 and OC2. 


3.1.2.3 Water Balance of NNLL 


Based on the monthly water balance for the NNLL (Table 3.1), it is evident that the water balance is 
largely dominated by stream inflows (ІС1), stream outflows (OC1), and by a calculated residual, which is 
assumed to represent groundwater influence. Pumping estimates from the NNLL berm toe drain into 
NNLL from February 23" to April 2274 were included in the calculation of the residual flow in the monthly 
water balance. Lake storage change (i.e., rises and drops in lake water levels), precipitation, and 
evaporation, when combined, made up a relatively small portion (7.296) of the NNLL water balance. 


Table 3.1 Monthly water balance results for No Net Loss Lake, Fort Hills Oils Sands 
Project, 2018. 


Lake Storage Precipitation Evaporation Stream Stream . 
Month Change NNLL Climate Morton InflovIC1 — Outhowoc1 _ "88104! (GW) 
(m?Imonth) (m?/month) (m*/month) (m?/month) (m?*/month) (ови 
November -7,363 7,728 -243 124,848 59,184 -80,998 
December -3,000 4,303 -694 126,403 49,334 -85,066 
January -1,106 1,701 -34 121,306 66,010 -58,137 
February 2,572 133 -60 112,579 72,490 -37,711 
March 614 1,875 933 133,920 68,947 -65,301 
April 5,216 873 8,882 113,184 67,910 -32,049 
May 16,567 907 19,992 110,419 16,762 -58,005 
June 3,682 14,409 22,179 117,936 32,400 -74,084 
July -5,983 13,011 23,090 117,331 33,437 -79,799 
August 5,062 5,926 16,127 117,072 16,416 -85,393 
September -7,977 4,185 6,395 126,317 39,571 -92,513 
October -1,381 225 2,024 113,011 51,235 -61,358 


The water balance demonstrated that surface water inputs to NNLL exceeded surface water losses for 
every month in the 2018 WY. This result suggests that residual water was lost to groundwater throughout 
the 2018 WY. Residuals from the water balance accounted for 71% to 46% of the lake inputs. The period 
of record (2014 to 2018) demonstrated losses to groundwater generally decreased from the beginning of 
the WY to April, then increased to the end of the WY. This yearly pattern can be observed in the results of 
the historical monthly water balance (Figure 3.7) and the 2018 WY continues this pattern. The one 
exception to this pattern occurred in the 2017 WY when there was a net input into NNLL during April and 
May possibly due in part by construction activities that discharged water into the lake in spring. 
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Losses to groundwater continue to account for a substantial proportion of the NNLL water balance 
(Figure 3.7). However, the lake levels continued to remain above the operational water level (Figure 3.2) 
outlined in Golder (2006). 


Figure 3.7 Historical (2014—2018) monthly water balance results for No Net Loss Lake, 
Fort Hills Oils Sands Project, 2018. 
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' Water balance gap from October 2014 to March 2015 due to unavailable stream flow data. 


Similar to the 2017 WY, hydrologic monitoring results indicated that the NNLL water level was higher than 
previous years and displayed minimal fluctuation except for the period between mid-May to mid- 
September of 2018 as a result of beaver activity. Evidence of shoreline erosion or disturbance to the 
littoral zone was not observed, indicating that the littoral zone of the NNLL was stable during the open- 
water season. The water level of the lake was above the Design Water Level of the outlet channel for the 
entire water year (November 1 to October 31), though it was kept artificially high from May to October due 
to recurring beaver dam construction and removal. Consequently, the overall discharge at stations OC1 
and OC2 was lower during this time. As a result of groundwater input above station OC2 (i.e., access 
road ditch), discharge at station OC2 remained above the minimum fish passage design discharge for the 
entire water year. Discharge at station OC1 dropped below the minimum fish passage design discharge 
frequently in May to October due to recurring beaver dam construction and removal. 


The 2018 NNLL water balance demonstrated that surface water inputs to NNLL exceeded surface water 
losses for every month calculated in the 2018 WY suggesting that residual water is lost to groundwater for 
all months in the 2018 WY. This result is consistent with previous WY's with the exception of the 2017 WY 
when surface water losses exceeded surface water inputs during April and May, possibly due in part by 
construction activities that discharged water into the lake. 
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3.2 WATER QUALITY 
3.2.1  In-situ Water Quality 


3.2.1.1 No Net Loss Lake 


Water temperature of No Net Loss Lake was monitored from mid-May to mid-October 2018 using Hobo 
loggers deployed at one-metre depth intervals at the deepest part of the lake (Figure 3.8). Thermal 
stratification was not observed in the NNLL in 2018, likely a result of groundwater input from Creek A 
(Figure 3.9). 


Cumulative daily totals of light penetration measured at one-metre depth intervals at the deepest portion 
of NNLL (PZ1) are presented in Figure 3.10. As expected, light intensity decreased with depth and varied 
seasonally; however, water clarity and light penetration is higher than what is typical for other lakes in the 
region, likely a result of the constant groundwater input. In August, light intensity decreased near the lake 
surface (to 2 m deep) and at depths below 3 m, which is likely a result of an increase in phytoplankton 
production. This is further supported by the peak in chlorophyll a in August (see Figure 3.15). Light 
penetration determines the extent of the euphotic zone, the area of the lake where light-driven primary 
production is expected to occur (Wetzel 2001). 


In 2018, seasonal in situ water quality depth profiles were measured in the NNLL (Figure 3.9 and 
Table 3.2). DO was fairly similar across depths and seasons; however, consistent with previous years DO 
decreased with increasing depth in March (Figure 3.9), but remained above guidelines for the protection 
of freshwater aquatic life (GoA 2018) to a depth of four metres (Table 3.2), indicating that suitable 
overwintering habitat for fish was being provided by the NNLL. With the exception of 2016 concentrations 
of DO have remained above guidelines to a depth of four metres across all years of the monitoring 
program (Table 3.3). Concentrations of pH remained similar across the water column and seasons with 
the exception of March where a gradua! decrease with depth was observed. Specific conductance 
showed little variation across seasons with March and May being slightly elevated compared to other 
seasons. А gradual increase in specific conductance with increasing depth was observed in March and 
July. 


Continuous measurements of temperature, specific conductance, pH, turbidity, chlorophyll a, and DO 
were collected in NNLL from May 11 to October 15 (Figure 3.11 to Figure 3.16). Continuous water quality 
data are provided in Appendix A2. 


Across the open-water period, water temperature of NNLL correlated with ambient air temperature with 
the highest water and air temperatures recorded in June (23.2 °С and 26.6 °С, respectively) and the 
coldest temperature being recorded in late October at the time the sonde was removed (Figure 3.11). 
Water temperature in 2018 was similar to previous years (Figure 3.11). Conductivity exhibited a gradual 
decrease from 311 us/cm on Мау 24 to 205 рѕ/ст on August 9 and then a gradual increase to 250 us/cm 
on October 15 (Figure 3.12) and was similar to values observed in 2016 and 2017. pH exhibited a gradual 
increase from 7.9 on May 11 to 8.8 on August 9 and then a gradual decrease to 8.4 on October 15. All 
measurements of pH were within the water quality guideline for the protection of freshwater aquatic life 
(6.5 to 9.0, GoA 2018; Figure 3.13). 
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Turbidity in the NNLL (measured in the pelagic zone) is low (Figure 3.14) in comparison to other lakes in the 
region (e.g., Shipyard Lake, McClelland Lake, Isadore's Lake; JOSMP 2016 and Hatfield 2016). Turbidity 
was highest on May 11 (1.53 МТУ) following the spring melt. Turbidity in 2018 was within historical ranges. 


Daily average concentrations of chlorophyll a fluctuated between 4.3 ug/L and 0.5 ug/L during the open- 
water period and experienced variation similar to what was observed previous years. Although not as 
pronounced as in 2016, a peak in chlorophyll a was observed in August 2018, which aligns with the lower 
light intensity levels measured in the pelagic zone in August 2018 (Figure 3.15). 


DO in 2018, remained stable during the open-water season (i.e., fluctuated between 9.6 mg/L and 
13.8 mg/L) and within the guideline for the protection of freshwater aquatic life (i.e., 6.5 mg/L; GoA 2018). 
DO concentrations in 2018 were similar to 2017; however, exhibited higher concentrations in October 
(Figure 3.16). | 


Figure 3.8 Daily average water temperature in No Net Loss Lake, collected at опе- 
metre intervals from the lake surface to bottom, May to October 2018, Fort 
Hills Oil Sands Project. 
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Figure 3.10 Daily cumulative light infiltration in No Net Loss Lake, collected at one- 
metre intervals across the depth profile, May to October 2018, Fort Hills Oil 
Sands Project. 
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Figure 3.11 Comparison of daily air temperature to daily water temperature of Мо Net 
Loss Lake from May 11 to October 31, 2018 relative to previous years (2014 
to 2017), Fort Hills Oil Sands Project. 
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Note: 2015 air temperature data presented from JOSMP C1 Aurora Climate Station from May 1 to June 10, and NNLL Climate 
Station from June 10 to October 31. 


Figure 3.12 Daily measurements of specific conductance in No Net Loss Lake from May 
11 to October 15, 2018 relative to previous years (2014 to 2017), Fort Hills 
Oil Sands Project. 
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Figure 3.13 Daily measurements of pH in the No Net Loss Lake from May 11 to October 
15, 2018 relative to previous years (2014 to 2017), Fort Hills Oil Sands 
Project. 
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Figure 3.14 Comparison of daily precipitation to continuous measurements of turbidity 
in No Net Loss Lake from May 11 to October 31, 2018 relative to previous 
years (2014 to 2017), Fort Hills Oil Sands Project. 
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Моје: Precipitation not recorded in 2014. 
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Figure 3.15 Daily measurements of chlorophyll a in the No Net Loss Lake from May 11 


to October 15, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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Figure 3.16 Daily measurements of dissolved oxygen in No Net Loss Lake from May 11 


to October 15, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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3.2.1.1 Creek A (Station IC1) 


Continuous measurements of temperature, specific conductance, pH, and dissolved oxygen (DO) were 
collected in Creek A from May 10 to December 12 (Figure 3.17 to Figure 3.20). Continuous water quality 
data are provided in Appendix A2. 


Water temperature in Creek A displayed very little fluctuation during the 2018 open-water season and 
was comparable to temperatures observed in previous years (Figure 3.17). Creek A is predominantly 
influenced by groundwater (approximately 80% by volume), which is apparent when comparing water 
temperature to the ambient air temperature. Specific conductance remained fairly stable in 2018 
(Figure 3.12). A sudden drop in specific conductance was observed on September 6" (277 иЗ/ст). 
Causes for these sudden drops are unknown (potential debris accumulation on the sonde sensor). DO 
and pH also remained fairly consistent across years and seasons (Figure 3.19 and Figure 3.20) and were 
within guidelines for the protection of freshwater aquatic life (GoA 2018). 


Figure 3.17 Comparison of daily air temperature to daily water temperature of Creek А 
(IC1) from May 10 to October 31, 2018 relative to previous years (2014 to 
2017), Fort Hills Oil Sands Project. 
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Note: 2015 air temperature data presented from JOSMP C1 Aurora Climate Station from May 1 to June 10, апа NNLL Climate 
Station from June 10 to October 31. Gap in data from July 25 to August 9, 2017 is a result of a malfunctioning sonde. 
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Figure 3.18 Daily measurements of specific conductance in Creek А (1C1) May 10 to 
October 31, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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Note: Data removed from June 9 to July 11, 2016 due to anomalous results. Gap in data from July 25 to August 9, 2017 and Aug 21 
to September 1, 2018 is a result of a malfunctioning sonde. 


Figure 3.19 Daily measurements of pH in Creek A (IC1) from May 10 to October 31, 2018 
relative to previous years (2014 to 2017), Fort Hills Oil Sands Project. 
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Note: Gap in data from July 25 to August 9, 2017 is a result of a malfunctioning sonde. 
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Figure 3.20 Daily measurements of dissolved oxygen in Creek А (IC1) from May 10 to 
October 31, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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Note: Gap in data from July 25 to August 9, 2017 is a result of a malfunctioning sonde. 


3.2.1.2 Outlet Channel (Stations OC1 and OC2) 


Continuous measurements of temperature, specific conductance, pH, and DO were collected in the outlet 
channel at two locations from May 10 to November 26 (Figure 3.21 to Figure 3.28). Continuous water 
quality data are provided in Appendix A2. 


Water temperature at station OC1 generally correlated with temperature in the NNLL and the ambient air 
temperature. Water temperature gradually increased from 11.792 in spring to a maximum temperature of 
23.7°С in summer followed by a gradual decline to 0.6°C in late fall. This pattern of seasonal variation is 
similar to what was observed in previous years (Figure 3.21). Water temperature at station OC2 displayed 
greater seasonal variation compared to previous years with a maximum summer temperature of 14.3°C 
and minimum late-fall temperature of 1.790. Water temperature at station OC2 is influenced by 
groundwater from the access road cut slope ditch that discharges to the outlet channel just upstream of 
station OC2. Generally, this groundwater influence maintains low water temperature with little fluctuation 
during the open water season (Figure 3.25). In 2018, recurring beaver dam construction near the mouth 
of the outlet channel followed by dam removal events resulted in greater water level and temperature 
fluctuations at OC2. 


Specific conductance fluctuated throughout the open-water season at stations OC1 and OC2; however, 
this variability was also observed in previous years (Figure 3.22 and Figure 3.26). Similar to 2016 and 
2017 specific conductance at station OC1 displayed a larger range in values (213 us/cm to 322 us/cm) 
than was observed at station OC2 (291 us/cm to 382 us/cm). Historically, specific conductance at OC2 
has been generally higher than OC1 due to greater groundwater contributions. 
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In contrast to previous years, pH at station ОС1 exhibited а larger range of values (7.6 to 8.8) and greater 
fluctuations during the open-water season, possibly attributed to recurring beaver dam construction and 
removal near the mouth of the outlet channel. There was very little fluctuation in pH across the ореп- 
water season at station OC2, however pH values were generally higher in 2018 compared 2017 and 
2016. All measurements of pH were within the water quality guideline for the protection of freshwater 
aquatic life (6.5 to 9.0, GoA 2018; Figure 3.23 and Figure 3.27). 


{п contrast to previous years, concentrations of DO at station OC1 in 2018 observed greater fluctuations 
during spring and summer before increasing in fall (Figure 3.24). Fluctuations in DO concentrations at 
ОСІ is likely attributed to recurring beaver dam construction and removal near the mouth of the outlet 
channel (i.e., lower water level and higher temperature results in a decrease in DO, followed by sudden 
increases following dam removal). On June 19, the daily average DO concentration at station OC1 
(6.3 mg/L) fell below the chronic guideline for the protection of freshwater aquatic life (6.5 mg/L, 
GoA 2018) and continued to fall to 5.2 mg/L (above the acute guideline of 5.0 mg/L) on June 21, until 
rising above guidelines following a dam removal event on June 23. At station OC2, DO was similar to 
previous years, ranging from 9.6 mg/L to 13.5 mg/L, with greater fluctuations during the spring and 
summer (Figure 3.28). DO concentrations at station OC2 remained above the acute and chronic 
guidelines during the entire open-water period in 2018 (Figure 3.24 and Figure 3.28). 


Figure 3.21 Comparison of daily air temperature to daily water temperature at station 
OC1 from May 10 to October 31, 2018 relative to previous years (2014 to 
2017) Fort Hills Oil Sands Project. 
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Note: 2015 air temperature data presented from JOSMP C1 Aurora Climate Station from May 1 to June 10, апа NNLL Climate 
Station from June 10 to October 31. 
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Figure 3.22 Daily measurements of specific conductance at station OC1 from May 10 to 
October 31, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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Figure 3.23 Daily measurements of pH at station OC1 from May 10 to October 31, 2018 
relative to previous years (2014 to 2017), Fort Hills Oil Sands Project. 
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Note: Gap in data on Sep 17, 2018 is a result of a malfunctioning sonde. 
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Figure 3.24 Daily measurements of dissolved oxygen at station OC1 from May 10 to 


October 31, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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Figure 3.25 Comparison of daily air temperature to daily water temperature at station 
OC2 from May 10 to October 31, 2018 relative to previous years (2014 to 
2017), Fort Hills Oil Sands Project. 
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Note: 2015 air temperature data presented from JOSMP C1 Aurora Climate Station from May 1 to June 10, and NNLL Climate 
Station from June 10 to October 31. 
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Figure 3.26 Daily measurements of specific conductance at station OC2 from May 10 to 
October 31, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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Figure 3.27 Daily measurements of pH at station OC2 from May 10 to October 31, 2018 
relative to previous years (2014 to 2017), Fort Hills ОН Sands Project. 


- GoA Guidelines 


pH 


2018 No Net Loss Lake Monitoring Program 61 Hatfield 


000781 


Figure 3.28 Daily measurements of dissolved oxygen at station ОС2 from May 10 to 


October 31, 2018 relative to previous years (2014 to 2017), Fort Hills Oil 
Sands Project. 
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3.2.2 Analytical Water Quality 


Seasonal concentrations of key water quality variables for the NNLL, Creek A (station IC1) and the outlet 
channel (stations OC1 and OC2) are presented in Table 3.4 to Table 3.7. Seasonal concentrations of all 
water quality variables (i.e., JOSMP standard analytical package) are provide in Appendix A2. Water 
quality of the NNLL and the outlet channel in 2018 was similar to previous years; concentrations of all 
variables did not exceed relevant guidelines for the protection of aquatic life (GoA 2018). 


Temporal comparisons of key water quality variables for NNLL, Creek A (IC1) and the outlet channel 
(stations OC1 and OC2) are provided in Figure 3.29. Concentrations of total dissolved solids, total boron, 
dissolved selenium, and dissolved phosphorus exhibited consistent trends over time among all stations. 
Concentrations of total arsenic, dissolved aluminum, total selenium and total molybdenum also exhibited 
consistent trends over time among stations with the exception of the outlet channel at station OC2 during 
spring 2015 where spikes in these variables were detected as a result of the slump that occurred in the 
access road drainage ditch. Concentrations of total iron, total aluminum and total suspended solids were 
consistently higher at station OC2 when compared to other stations, but decreased from 2017 
concentrations, which is likely attributed to the groundwater access road drainage ditch picking up particles 
from the road upstream of the station. Concentrations of naphthenic acids were elevated in the outlet 
channel in summer (OC2). Total Nitrogen was elevated in Creek A, the NNLL, and the outlet channel (OC1) 
during summer 2018. 


The ionic composition of water in the NNLL and the outlet channel was consistent within a season and 
consisted of a calcium bicarbonate composition with temporary hardness (Figure 3.30). These results are 
comparable to other lakes in the region as well as to results from previous years (e.g., Shipyard Lake; 
JOSMP 2016 and Hatfield 2018). 


Overall, water quality has remained relatively consistent across years, with very few variables exceeding 
guidelines for the protection of aquatic life, suggesting that the lake, inlet channel and outlet channel are 
providing suitable habitat for fish. This is further supported by the continued development of lower trophic 
levels (i.e., plankton, macrophytes and benthos) that support fish populations. 
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the outlet channel (OC1 and OC2), Fort Hills Oil Sands Project, 2014-2018. 


Figure 3.29 Key water quality variables for No Net Loss Lake (PZ1), Creek A (IC1) and 
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Figure 3.30 Piper diagram of ion concentrations of water in the No Net Loss Lake and 
the outlet channel, Fort Hills Oil Sands Project, 2015-2018 WY. 
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3.3 PLANKTON COMMUNITIES 


Seasonal succession of phytoplankton is often characterized by low biomass in winter due to low 
temperatures and limited light penetration under ice, followed by a peak in spring as temperature, light, 
and nutrient availability increases (Wetzel 1983). Occasionally, there is a second peak in fall as lake 
mixing occurs (Wetzel 1983). Biomass then typically decreases in late spring and summer as lakes 
experience thermal stratification and zooplankton predation increases (Wetzel 1983). Although the NNLL 
experiences very little thermal stratification, these seasonal patterns in phytoplankton abundance and 
biomass were observed in the NNLL during the 2018 monitoring year (Table 3.8 and Figure 3.31). A 
zooplankton community typically shows variation across seasons in response to changing light 
conditions, water temperature, DO, food supply, and predation (Wetzel 1983). Typically, zooplankton 
biomass peaks in the summer following a large increase in food availability (i.e., spring phytoplankton 
growth). In 2018 there was less seasonal variation in zooplankton abundance and biomass compared to 
previous years (Figure 3.31), with an increase in biomass observed in fall, likely in response to a peak in 
phytoplankton in August. Currently plankton sampling occurs in March, May, July and September; 
however, a peak in chlorophyll a measured at station PZ1 suggests an increase in phytoplankton biomass 
during this time (Figure 3.15). Seasonal patterns of plankton community abundance and biomass across 
years are presented in Table 3.8 and Figure 3.31 to Figure 3.35. 


Similar to previous years, Chrysophyceae (golden-brown algae) were the most abundant phytoplankton 
taxa in the NNLL, with the exception of winter where Chlorophyceae (green algae) were the most 
abundant taxa (Figure 3.32). With the exception of the spring phytoplankton, biomass was slightly lower 
in 2018 compared to previous years (Figure 3.31). Taxa richness and diversity were generally similar to 
2017 with the exception of summer (higher richness and diversity in 2018) and winter (higher diversity in 
2017) (Figure 3.36). Evenness in 2018 was slightly lower in all seasons except summer (Table 3.8 and 
Figure 3.36). Consistent with previous years evenness is considered relatively low, which suggests the 
plankton community was dominated by only a few select taxa (Table 3.8 and Figure 3.36). 


Similar to previous years, freshwater rotifers (Monogononta) were the most abundant zooplankton across 
seasons (Figure 3.34). Although not the most abundant, crustaceans (Branchiopoda and Copepoda) had 
the highest biomass across all seasons (Figure 3.35). Zooplankton richness in 2018 was similar to 
previous years, with a slight decrease from 2017 in the fall (Figure 3.36). Simpson's diversity ratings and 
evenness for the zooplankton community were within the range of previous years, with the exception of 
spring, where both metrics were lower than all previous years, suggesting a moderately less diverse 
zooplankton community. Evenness of the zooplankton community in NNLL is generally low (i.e., <0.2) as 
a result of the disproportionate number of freshwater rotifers present during each season (Table 3.8 and 
Figure 3.36). 


The seasonal pattern of succession demonstrated in the lake in 2018 was consistent with natural lake 
environments in northern Alberta (University of Alberta 1990), indicating that the productivity of the NNLL 
has a lower trophic structure that can support benthic invertebrate communities and fish populations. As 
predicted in Golder 2006, phytoplankton and zooplankton have naturally colonized NNLL within the first 
few years following construction. The level of abundance and biomass suggests NNLL is progressing 
towards a productive lake ecosystem. 
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Table 3.8 Seasonal summary of plankton indices for No Net Loss Lake, Fort Hills Oil 
Sands Project, 2018 WY. 

Index Winter Spring Summer Fall 
Phytoplankton 
Total Abundance (units/m?) 546,200,000 1,298,000,000 733,800,000 102,000,000 
Total Biomass (mg/m?) 188 880 300 53 
Total Richness (No. of Taxa) 15 16 23 5 
Simpson's Index of Diversity 0.26 0.67 0.55 0.54 
Evenness 0.27 0.19 0.10 0.15 
Zooplankton 
Total Abundance (units/m?) 74,134 106,530 134,406 90,777 
Total Biomass (mg/m?) 144 120 200 391 
Total Richness 11 16 11 11 
Simpson's Index of Diversity 0.23 0.26 0.35 0.48 
Evenness 0.12 0.08 0.14 0.17 


Figure 3.31 


Seasonal abundance and biomass of phytoplankton and zooplankton in No 


Net Loss Lake, Fort Hills Oil Sands Project (2015 to 2018). 


Phytoplankton 


#2015 2016 #2017 "2018 
2.500 


2,000 
1,500 
1,000 
о т Џ 


Winter Spring Summer Fall 
Sampling Season 


Abundance (million units/m?) 


#2015 m2016 #2017 "2018 


ч 
un 
о 
е 
H 


Biomass (mg/m?) 


Winter Spring Summer Fall 
Sampling Season 


2018 No Net Loss Lake Monitoring Program 


Biomass (mg/m?) 
~ о => о 


8 


Zooplankton 


#2015 m2016 #2017 #2018 


Abundance (thousand units/m?) 
PY N о Az a о 
в 8 8 8 в 8 


о 


Winter Spring Summer Fall 
Sampling Season 


#2015 m2016 #2017 "2018 


© ~ с 
8888858 


= 8 


Winter Spring Summer Fall 
Sampling Season 


Hatfield 


000792 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Figure 3.32 Seasonal abundance of phytoplankton taxa in No Net Loss Lake, Fort Hills 
Oil Sands Project (2015 to 2018). 
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Figure 3.33 Seasonal biomass of phytoplankton taxa in Мо Net Loss Lake, Fort Hills Oil 
Sands Project (2015 to 2018). 
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Figure 3.34 Seasonal abundance of zooplankton taxa in No Net Loss Lake, Fort Hills Oil 


Sands Project (2015 to 2018). 
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Figure 3.35 Seasonal biomass of zooplankton taxa in No Net Loss Lake, Fort Hills Oil 


Sands Project (2015 to 2018). 
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Figure 3.36 Seasonal richness, diversity, and evenness of phytoplankton and 
zooplankton in No Net Loss Lake, Fort Hills Oil Sands Project (2015 to 


2018). 
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3.4 BENTHIC INVERTEBRATE COMMUNITIES АМО SEDIMENT 
QUALITY 


3.4.1 Benthic Invertebrate Communities 


A summary of the Fort Hills NNLL benthic invertebrate community metrics is presented in Table 3.9. In 
2018, benthic invertebrate density at littoral sampling stations increased from 2017 levels across all littoral 
sampling stations. Density means at each station ranged from 39,267 to 120,474 invertebrates/m? with 
the highest density found at LZ-2 (Figure 3.37). At the pelagic sampling station (PZ-1), density was higher 
than previous years with a mean of 22,385 invertebrates/m? (Table 3.9; Figure 3.37). 


The number of taxa within the littoral zone varied across stations and was higher than in 2017 ranging 
from 18 to 31 taxa (Table 3.9; Figure 3.38). Taxonomic richness was higher at the pelagic station in 2018 
compared to previous years with a mean of 15 taxa (Table 3.9). Three new taxa were identified across 
sampling stations and included Aeshnidae (dragonfly), Dytiscidae (beetle), and Elmidae (beetle) 
(Table 3.10). Community diversity (Simpson's Diversity Index; Figure 3.39) was the same or slightly 
higher in 2018 and ranged from a mean of 0.76 to 0.90 across the littoral stations (Table 3.9). Average 
evenness at littoral stations was slightly lower in 2018 (0.29 in 2018, 0.31 in 2017), ranging from 0.21 to 
0.38 (Table 3.9; Figure 3.40). Evenness at PZ-1 was lower than previous years (0.28) due to this site 
being dominated by a small number of taxa. 


As illustrated in Figure 3.41, the benthic community demonstrated a change in the relative abundance of 
taxa from 2017. In 2018, the proportion of Oligochaeta (worms) decreased from 2017 levels (45%) to a 
littoral mean of 14%. Chironimidae (midges) increased from 2017 levels (37%) to a littoral mean of 64%, 
making them the most abundant taxa. The relative abundance of other taxa remained relatively stable 
between 2017 and 2018 (Figure 3.41). Ephemeroptera (mayflies) were present at all littoral stations 
comprising an overall mean of 7% of the littoral community, which is an increase from 3% in 2017. At the 
pelagic station (PZ-1), the benthic invertebrate community was similar to previous years with chironomids 
remaining as the dominant taxa (mean of 46% of the community; Figure 3.41). Ostracods and 
oligochaetes also contributed moderate proportions of the density at PZ-1 with a relative abundance of 
27% and 2495, respectively. Unlike the littoral stations, ostracods showed an increase in abundance at 
the pelagic station in 2018. The more sensitive ETO taxa were again present at all littoral stations and 
increased from 4% in 2017 to 1096 in 2018 (Figure 3.42). However, ЕТО taxa remained below levels 
observed in 2015 and 2016. Members of all three of the ETO taxa were observed at station PZ-1 in 2018. 
ЕТО taxa increased from 0.1% in 2017 to 0.796 in 2018. Greater depths and particle size of sediment, 
such as the greater proportion of silt (Table 3.11), may explain the lack of ETO taxa in the pelagic zone. 
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Table 3.10 Benthic invertebrate taxa present їп Мо Net Loss Lake, Fort Hills Oil Sands 
Project, fall 2015, 2016 and 2017. 
Littoral Pelagic 

шы а 2015 2016 2017 2018 2015 2016 2017 2018 
Нудгогоа Нудпдае - X X - - = - - 
Oligochaeta Enchytraeidae X X - - - - - 
Oligochaeta Lumbriculidae - X - - А E - = 
Oligochaeta Naididae X X X X X X X X 
Gastropoda Lymnaeidae X X X X X - - X 
Gastropoda Physidae X X X X - - - - 
Gastropoda Planorbidae X X X X X - X X 
Gastropoda Valvatidae - - X - - - - - 
Pelecypoda Pisidiidae - - - X - X X - 
Acari — Hydracarina - - X X X - - (X - 
Acari — Hydracarina Arrenuridae - - - X - - - - 
Acari — Hydracarina Hygrobatidae - - - X - - - - 
Acari — Hydracarina Pionidae - - X - - - - 
Acari — Hydracarina Unionicolidae - - - X - - - - 
Ostracoda - X X X X X X X X 
Amphipoda Hyalellidae X X X X - - - - 
Ephemeroptera Baetidae X X X X X - - - 
Ephemeroptera Caenidae X X X X - - - X 
Ephemeroptera Leptophlebiidae X X X X - - - - 
Odonata – Anisoptera Aeshnidae - - - X - - - - 
Odonata - Anisoptera Corduliidae X X X X - - X X 
Odonata - Anisoptera  Libellulidae - - X X - - - - 
Odonata – Zygoptera Coenagrionidae X X X X - - - - 
Trichoptera Leptoceridae X X X X - - - - 
Trichoptera Hydroptilidae - - X X - - - - 
Trichoptera Molannidae X - - X - - - X 
Trichoptera Phryganeidae - X X X - - - - 
Trichoptera Polycentropodidae X X X X - - - - 
Coleoptera Dytiscidae - - - X - - - - 
Coleoptera Elmidae - - - X - - - - 
Coleoptera Haliplidae - X X X - - - - 
Diptera Ceratopogonidae X X X X - - - - 
Diptera Chaoboridae : : : қ x x 5 : 
Diptera Tabanidae - - X X - - - - 
Diptera Chironomidae X X X X X X X X 
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Functional feeding group classification of the benthic invertebrate community in the NNLL was similar to 
the structure observed in 2017 (Figure 3.43). The most dominant littoral feeding group continued to be 
gathering collectors with a mean of 63%. Gathering collectors are often the dominant feeding group in 
benthic invertebrate communities as it typically consists of dominant taxa such as select Chironomidae, 
Ostracoda, and Oligochaetes. Gathering taxa which feed on fine organic particles (>1 mm) are highly 
mobile in fine sediment such as silt and scavenge the lake bottom for food resources (Wallace and 
Webster 1996). Once consumed, the role of gathering collectors in the aquatic ecosystem provide 
re-suspension of nutrients into the lake. 


Similar to 2017, filtering collectors (i.e., taxa that capture food particles from the water column) remained 
as the second dominant feeding group and demonstrated a slight increase in both the littoral and pelagic 
stations comprising 1996 and 30% of the community, respectively. Increased abundance of filter feeding 
taxa likely corresponds to the high abundance of filtering Chironomidae taxa (і.е., Tanytarsini and 
Chironomini) in both sampling areas. 


Scrapers remained similar to 2017 with a mean littoral percentage of 2%. Scrapers, which commonly 
include gastropods (snails) and select ETO taxa generally feed on algae from surfaces such as bottom 
substrate or vegetation. The abundance of aquatic macrophytes, which may support additional algae or 
biofilm growth provides a primary food resource. 


The shredder group, which breaks down leaf litter and other organic matter, showed an increase from 
2017 to 6% in littoral areas. Shredder abundance in 2018 was led largely by the number of Chironomini 
identified across littoral stations and the pelagic station. The overall low abundance of shredders may 
reflect low inputs of leaf litter or other organic matter such as woody debris from the terrestrial 
environment at sampling locations. 


The predacious feeding group demonstrated an increase in abundance in 2018 (11%) compared to 2017 
(8%) in the littoral zone; however, decreased from 13% to 8% in the pelagic zone. 


In summary, the most notable change in the benthic community observed in 2018 was the substantial 
decrease in the Naididae (worm) in the littoral stations (45% to 14%) and the increase in the 
Chironomidae (midges) population. Additional sampling in 2019 will provide further insight into the 
population structure of benthic invertebrate communities of the NNLL. 


Overall benthic invertebrate density increased in 2018 compared to 2017. Benthic invertebrate metrics 
(i.e., abundance, richness, diversity and evenness) within the NNLL are similar to other lakes in the 
region (e.g., Shipyard Lake, Isadore's Lake, Kearl Lake; JOSMP 2016), including the proportions of 
dominant taxa, indicating that the NNLL provides a lower trophic structure important for supporting fish 
populations. The level of abundance, richness and relative abundance of ETO taxa suggests that the lake 
is progressing towards an increasingly productive lake ecosystem. 
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3.4.2 Sediment Quality 


Concentrations of key sediment quality variables measured in the NNLL are provided in Table 3.11. 
Physical properties per sampling station are provided in Table 3.12. Raw sediment quality data are 
provided in Appendix A3. 


Sediment quality in the NNLL was generally similar to previous years. Concentrations of heavy-molecular 
weight F3 (C16-C34) and F4 (C34-C50) hydrocarbons decreased in the pelagic zone but increased in the 
littoral zone compared to 2017; however, still within historical ranges. Similar to previous years Fraction 3 
hydrocarbons exceeded the guideline for Tier 1 levels of residential/parkland coarse (median grain size 
>75 um) surface soils (CCME 2008) in the pelagic zone. Exceedances of Fraction 3 hydrocarbons have 
also been frequently observed in other lakes (e.g., McClelland Lake, Shipyard Lake, Isadore's Lake, and 
Kearl Lake) in the region (JOSMP 2016). All other variables measured in 2018 did not exceed relevant 
sediment quality guidelines for the protection of aquatic life (GoA 2018). 


3.4.2.1  Sublethal Toxicity Testing of Sediment 


Results of the 14-day static toxicity test for survival and growth of a freshwater amphipod (Hyalella 
azteca) and the ten-day static toxicity test for survival and growth of larvae of a freshwater midge 
(Chironomus dilutes) exposed to sediment from the NNLL are presented in Figure 3.11 and Figure 3.44. 
Survival of both freshwater amphipods and midges in sediment from the littoral zone and midges in the 
pelagic zone was noticeably lower than laboratory controls (i.e. а statistically significant decrease); 
however, survival of amphipods in the pelagic zone was similar to laboratory controls. Despite the 
decrease in amphipod and midge survival, growth of both species was higher than the laboratory 
controls. This is not unexpected because with fewer test organisms, there will be more to consume per 
organism in the test sediment; however, in general, the threshold for sublethal toxicity (e.g., growth 
impairment) would be expected at a lower level of exposure/impact than lethality, so if this were a toxic 
effect of a contaminant in the test sediment, we would also expect to see impaired growth, and this was 
not the case. Further, results of sediment chemistry and the increased proportion of amphipods and 
midges in the NNLL compared to previous years suggest that there is no inhibitory effect. 
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Table 3.12 Physical properties of sediment at each sampling station in the Мо Net 
Loss Lake, Fort Hills Oil Sands Project, September 2018. 


Littoral Zone Pelagic Zone 
Physical Properties Units 
LZ-1 LZ-2 LZ-3 LZ-4 LZ-5 LZ-6 Р2-1 
Depth m 10 3.0 2.0 3.0 1.0 2.0 6.2 
il Sand 
Texture - Sandy Loam Sandy Silt Sit ness Silt loam 
loam loam loam loam 
Clay (< 2 um) % 9.6 14.0 9.0 9.7 5.6 10.4 17.2 
Sand (2.0 mm – 0.05 mm) % 64.0 49.0 74.0 2.1 25.0 54.0 31.2 
Silt (0.05 mm – 2 um) % 26.4 37.0 17.0 88.2 69.4 35.6 51.6 
CaCO; Equivalent % 19.7 11.9 47.5 53.2 52.5 44.9 3.9 
Inorganic Carbon % 24 14 57 64 6.3 5.4 0.5 
Total Carbon b 
дина % 45 5.9 10.6 129 129 76 87 
Combustion 
Total Organic Carbon % 21 45 4.9 6.5 6.6 2.2 8.2 


Figure 3.44 Results of sublethal toxicity testing of sediments from the No Net Loss 
Lake, Fort Hills Oil Sands Project, September 2018. 
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3.5 VEGETATION 


3.5.1 Macrophyte Communities 


The littoral zone of the NNLL is armored with large cobble to a depth of approximately 1.0 m to protect the 
shoreline from erosion (Figure 3.45). Although macrophytes have been observed to colonize this area in 
the past year, aquatic vegetation has established faster in areas of the lake with soft-bottom substrates 
(i.e., below 1.0 m depth; Figure 3.45). The littoral zone of ће NNLL has been defined as the area less 
than or equal to 3 m in water depth. Due to the clarity of water in the lake, sunlight penetrates depths 
beyond 3m (i.e., large euphotic zone); thereby, allowing macrophytes to become established at all 
depths of the lake. Mean percent cover in the littoral zone of the NNLL in 2018 was 68% and is comprised 
primarily of submergent vegetation (Table 3.13), an increase from 2017 (56%). Percent cover by 
macrophyte species and transect is provided in Appendix A4. 


Figure 3.45 Photographs showing the macrophyte community in the No Net Loss Lake, 
Fort Hills Oil Sands Project, July 18, 2018. 


Coontail and white water-buttercup Emergent vegetation observed at depths 
observed at LZ1. less than 1.0 m at 124. 


Cobble armoring up to approximately 1.0m Water Bur-reed becoming well established 


depth (arrow). below 1.0 m depth. 
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Table 3.13 Percent cover of macrophytes by type in the littoral zone of No Net Loss 
Lake, Fort Hills ОЙ Sands Project, July 18, 2018. 
Percent Cover by Type LZ-1 12-2 12-3 12-4 12-5 12-6 Меап 1SD 
Submergent Vegetation 87.8 60.2 82.6 54.8 75.1 39.9 66.7 18.3 
Emergent Vegetation 3.3 0.2 0.6 2.7 0.5 2.5 1.6 1.3 
Inundated Vegetation 0 0.3 0.1 0.1 0.1 0.2 0.1 0.1 
Total 91 61 83 58 76 43 68 - 


1 Standard Deviation 


The mean percentage of macrophyte cover at Transect LZ1 (southwest basin) to a depth of 3.0 m was 
9196, which is a large increase from 2017 observations (4196). The large increase in macrophyte cover in 
the littoral zone was due to the increase in density of Ceratophyllum demersum (coontail) at depths 
greater than 1.0 m. Macrophyte cover at Transect LZ2 increased to 61% to a depth of 3.0 m, representing 
an increase from 2017 (4996). Macrophyte cover at Transect LZ3 to a depth of 3.0 m was 83%, which is 
similar to cover observed in 2017 (7796). Macrophyte cover at Transect LZ4 was 58% to a depth of 3.0 m, 
which is similar to cover observed in 2017 (57%). Macrophyte cover at Transect LZ5 was 76% to a depth 
of 3.0 m, similar to what was observed in 2017 (78%). Macrophyte cover at Transect LZ6 was 43%, 
representing a marked increase from what was observed in 2017 (16%). This increase was mostly 
observed in depths greater than 1.0 m and is likely due to decreased visibility during the 2017 survey as a 
result of increased water turbidity due to wading. 


Macrophytes provide an import source of shelter and nesting material for fish in the NNLL. The 
progression of the lake has shown a steady increase in macrophyte cover in the littoral zone over time. 
Results of the macrophyte assessment indicate that shorelines of the NNLL are stable (see Section 
3.1.2.1), and bathymetry (Figure 2.5), size and functionality of the littoral and riparian zones are 
functioning as predicted in the NNLLDP (Golder 2006). 


3.5.2 Riparian Vegetation 


Reclamation planting of approximately 58,000 shrubs and trees occurred within riparian areas and the 
construction footprint of the NNLL in August 2015. Density and overhead cover assessments were 
conducted for planted species and trees and shrubs established through natural colonization in 2015, 
2016 and 2017. In 2018 density of riparian vegetation was too high to accurately count stems per plot; 
consequently, these values were not determined. Percent overhead cover per 10 m? plot for the most 
commonly occurring species in each transect is presented in Table 3.14. Overhead cover of planted 
riparian vegetation and riparian vegetation that has naturally colonized the reclamation area increased in 
2018, indicating the riparian area is continuing to develop around the NNLL. 


Invasive weeds were not included in the assessment. White sweet-clover (Melilotus alba), plains 
wormwood (Artemisia campestris), sow thistle (Sonchus arvensis) and common tansy (Tanacetum 
vulgare) were observed within the reclamation area; however, white sweet-clover density and cover was 
noticeably less than what was observed in previous years and is likely attributable to the strategic 
application of herbicide in 2018 (Figure 3.46). It is expected that density and overhead cover of weed 
species will decline with natural succession of the reclamation plantings and establishment of vertical 
structure in the riparian environment of the NNLL (i.e., as weed species become shaded out by native 
shrub and tree species). 
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Table 3.14 Overhead cover of vegetation within the riparian zone of the No Net Loss 
Lake, Fort Hills Oil Sands Project, July 18, 2018. 


2017 2018 

Species LZ-1 LZ-2 LZ-3 LZ-4 LZ-5 LZ-6 

Mean 'SD Mean ‘SD 
Red Raspberry 11.7 36.7 50.0 58.8 43.8 43.3 13.8 7.7 46.8 16.0 
Water sedge 2.0 20.0 0.0 5.0 0.0 0.0 1.7 0.6 12.5 7.8 
Goldenrod 0.0 12.5 3.0 25.0 0.0 5.8 0 - 9.5 9.7 
Alder 3.5 15.0 0.0 10.0 5.8 0.0 4.3 2.5 9.0 5.9 
Dogwood 1.0 0.0 5.0 7.5 3.0 9.3 1.2 0.5 6.1 3.7 
Spruce 0.0 0.0 3.0 2.0 2.3 3.5 1.0 0.4 2.9 1.5 
Willow 1.0 2.5 1.5 3.5 3.0 2.0 0.9 0.3 2.5 0.9 


Balsam Poplar 0.0 3.0 3.0 2.0 1.0 0.0 0.9 0.3 2.0 1.4 


1 Standard Deviation 


Figure 3.46 Photographs showing riparian vegetation at the Мо Net Loss Lake, Fort 
Hills Oil Sands Project, July 2017 and 2018. 


White sweet-sweet clover at LZ6 in 2017. White sweet-clover at LZ6 following 
application of herbicide in 2018. 


3.6 FISH POPULATIONS AND HABITAT 
3.6.1 Fish Habitat 


Fish species identified as being most suitable for inclusion in the NNLL included brook stickleback 
(BRST), fathead minnow (FTMN), lake chub (LKCH), longnose sucker (LNSC), northern pike (NRPK), 
pearl dace (PRDC), slimy sculpin (SLSC), yellow perch (YLPR), burbot (BRBT) and white sucker (WHSC) 
(Golder 2006). Providing fish habitat for a variety of fish species is a condition of the DFO Authorization 
(i.e., condition 3.3). 
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Suitability index (51) values were calculated for each fish species identified for inclusion in the ММЦ. and 
the outlet channel, using habitat data collected over the course of the 2018 monitoring year. À summary 
of SI values and HU currently present in the NNLL and the outlet channel is presented in Table 3.15. 


HU provided by the NNLL in 2018 did not change from 2017 (i.e., 865,365). An increase in macrophyte 
cover in the littoral zone has resulted in some habitat suitability changes, with certain species' SI values 
decreased (e.g. lake chub, yellow perch and longnose sucker) while others increased (e.g., brook 
stickleback and fathead minnow). Habitat variables in the NNLL remained relatively similar to 2017, with 
the exception of substrate, which showed a decrease in cobble due to settlement of fines and 
accumulation of organic material as macrophytes continue to colonize the littoral zone. 


In the outlet channel, total HU decreased between 2017 and 2018. The main limiting habitat variable in the 
outlet channel is channel unit. A decrease in available pool habitat observed at the time of the survey 
resulted in lower SI ratings for several species in 2018 (i-e., lake chub, burbot, white sucker, brook 
stickleback, and fathead minnow). This reduction in available pool habitat was the result of low water levels 
observed in the outlet channel during the September 2018, survey, which were caused by repeated 
damming of the lake outlet by beavers. The reduced outlet flows caused mesohabitats previously classified 
as pools to be classified as run habitat during the 2018 survey. SI values in the outlet channel were rated 
as average or above average for all species except northern pike and yellow perch, which were classified 
as none and below average, respectively. The main limiting habitat variable in the outlet channel is 
stream gradient for northern pike and water temperature during midsummer for yellow perch (Table 3.15). 


As of 2018, the NNLL and outlet channel are collectively providing 903,540 HU, which is a small decrease 
from 2017 (913,215 HU) but still greater than both the 869,778 HUs predicted in the NNLLDP (Golder 
2006) and the 2:1 compensation ratio specified in the DFO Authorization. An evaluation of HU in the inlet 
channel (i.e., Creek A) is not conducted or required as part of this monitoring program. Fish habitat data 
collected in the inlet and outlet channels, including calculations of lacustrine and riverine HSI values for 
each species, are provided in Appendix А5. 
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Table 3.15 Summary of suitability index ratings and habitat units available in the Мо 
Net Loss Lake and outlet channel in 2018, Fort Hills Oil Sands Project. 
Species puce ide Rand Limiting Variable 2 
No Net Loss Lake 
Lake Chub 0.50 Average Percent cover within littoral areas 77,127 
Burbot 0.25 Below Average Summer average maximum temperature 38,564 
White Sucker 0.67 Above Average о 5 temperatures — |0; 350 
Northern Pike 0.75 Above Average Ratio of spawning habitat to summer habitat 115,691 
Yellow Perch 0.60 Average Percent cover within littoral areas 92,552 
Longnose Sucker 0.93 Excellent Maximum Depth 143,456 
Pearl Dace 0.50 Average Percent littoral zone cover 77,127 
Brook Stickleback 0.58 Average Depth 89,467 
Fathead Minnow 0.58 Average Depth 89,467 
Slimy Sculpin 0.25 Below Average Percent cover as suitable substrate 38,564 
Subtotal 865,365 HU 
Outlet Channel 
Lake Chub 0.80 Above Average Channel unit 6,000 
Burbot 0.41 Average Channel unit 3,075 
White Sucker 0.51 Average Percent pools during average summer flows 3,825 
Northern Pike 0 None Stream gradient 0 
Yellow Perch 0.20 Below Average 2. Waterefmperature during 1,500 
Longnose sucker 1.00 Excellent None 7,500 
Pear! Dace 0.55 Average Instream Cover 4,125 
Brook Stickleback 0.41 Average Channel unit 3,075 
Fathead Minnow 0.56 Average Channel unit 4,200 
Slimy Sculpin 0.65 Average Instream Cover 4,875 
Subtotal 38,175 HU 
Total 903,540 HU 
3.6.2 Fish Populations 


3.6.2.1 


No Net Loss Lake 


Fish populations were assessed in No Net Loss Lake from August 13 to 16, 2018 (Figure 3.47). Fork 
length and weight of each fish captured during the 2018 monitoring program are provided in Appendix A5. 
A total of five species were captured during the fish sampling program, including 49 northem pike, 106 yellow 
perch, four emerald shiner (EMSH), one burbot and 221 spottail shiner (SPSH). Total captures of all species 
combined were lower than 2017, but above the abundances observed in 2015 and 2016 (Table 3.16). White 
sucker and finescale dace (FNDC) were the only species captured in previous years (i.e., one finescale dace 
in 2017 and two white suckers in 2016) that were not captured in 2018. 
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А variety of gear types were deployed to maximize capture success, including ћоор nets, a boat electrofisher, 
minnow traps, gillnets, a seine net, and angling. The majority of fish were captured in the littoral zone, with 
pelagic captures limited to 13 northem pike and 20 yellow perch. Similar to previous years, seine netting and 
boat electrofishing generated the highest CPUE in 2018. With the exception of seine netting and angling, all 
gear types generated higher CPUEs when compared to 2017 (Table 3.17). Seine netting CPUE decreased as 
a result of fewer spottail shiners being captured in 2018 while angling CPUE decreased slightly due to fewer 
northern pike captures by this gear type (more northern pike were captured by boat electrofishing, gill netting 
and hoop netting in 2018). With the exception of seine netting, GPUE increased for all gear types in 2018 
compared to previous years. Most notably GPUE increased for boat electrofishing, hoop netting and gill netting 
due to an increase in northern pike captures (Table 3.18). 


The overall decline in fish abundance is primarily due to the decrease in spottail shiners captured in 2018. 
Variability in capture success is not uncommon with a schooling species such as spottail shiner, as they 
typically congregate together in the day and disperse in the evening when predation pressure is less (Nursall 
1973). Another consideration for the decrease in spottail shiners is the change in predator population structure 
(i.e., yellow perch and northern pike) observed in 2018. Yellow perch are also known to school, and immature 
perch (fork length 30 mm to 110 mm) are documented to aggregate in shallow water with spottail shiners 
(Nursall 1973). Yellow perch larger than 110 mm will leave the aggregation and prey on spottail shiners from 
below (Nursall 1973), as their diet shifts from zooplankton and benthic invertebrates to small fish (Brown et al. 
2009). The majority of yellow perch captured in 2017 were immature (fork length « 80 mm) relative to 2018, 
which showed an increase in the number of adult perch captured in the NNLL (Figure 3.48), and suggests an 
increase in piscivorous yellow perch. Similarly, there was an increase in abundance of larger northern pike 
captured in 2018 (Figure 3.49). This increase in predation pressure is likely contributing to the decline of 
spottail shiners as yellow perch and northern pike become more established in the NNLL. The continued 
establishment of littoral predators such as yellow perch and northern pike may also limit the colonization of 
other cyprinids (minnows) less adapted to predation, such as lake chub, which prefer smaller headwater lakes 
with abundant cover and the absence of piscivorous fishes (Stasiak 2006). 


Spottail shiner appear to have multiple age classes with immature («50 mm) and adult (>59 mm) fish 
present (Figure 3.48). Likewise, yellow perch have multiple age classes present with immature («80 mm) 
and adult (>94 mm) fish present (Figure 3.48). Northern pike were present in at least three distinct age 
cohorts (Figure 3.49). Inadequate sample sizes prevented the development of length-frequency 
distributions for other species captured in the NNLL. 


In 2018, aging structures were collected from 36 northern pike, one burbot and three yellow perch 
(>150 mm). The age of pike measured from anal fin rays ranged from yearlings to five years and 
generally increased with fork length (Table 3.19). This pattern is supported by secondary ageing 
structures (scales) collected from northern pike and yellow perch in 2018. A larger number of older 
northern pike and yellow perch were captured in the NNLL in 2018, which is further supported by the 
length-frequency distributions of these species (Figure 3.48 and Figure 3.49). 


PIT tags were inserted into 34 northern pike, three yellow perch, and one burbot in an effort to monitor 
fish migration between the Athabasca River, the outlet channel, and the NNLL (Table 3.19). 
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Figure 3.47 Photographs of fish species caught in the No Net Loss Lake, Fort Hills Oil 
Sands Project, August 2018. 


Juvenile northern pike captured by minnow 
trap in the littoral zone zone 


Spottail shiners captured in the littoral zone 
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Yellow регсһ captured in the pelagic zone Burbot captured in the littoral zone 
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Table 3.16 Fish species captured by year in the Мо Net Loss Lake, Fort Hills Oil Sands 
Project, 2015 to 2018. 


Species 2015 2016 2017 2018 
BURB 1 0 1 1 

EMSH 0 5 2 4 

FNDC 0 0 1 0 

NRPK 13 7 22 49 

SPSH 1 96 1,228 221 

WHSC 0 2 0 0 

YLPR 0 1 199 106 

Total 15 111 1453 381 
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Figure 3.48  Length-frequency histograms for spottail shiner and yellow perch captured 


in the No Net Loss Lake, Fort Hills Oil Sands Project, August 2017 and 
2018. 
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Note: Only the first 100 SPSH were measured in 2017, all SPSH were measured in 2018. 
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Figure 3.49  Length-frequency histogram for northern pike captured іп the No Net Loss 
Lake, Fort Hills Oil Sands Project, August 2017 and 2018. 
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Table 3.19 


Station Fish 14 Species pet ec Age (fin ray) Tag No. 
122 1 BRBT 361 234 UA 989001001534363 
PZ1 1! NRPK 532 988 4 989001001534409 
PZ1 2 NRPK 490 729 3 989001001534413 
122 3 NRPK 173 38 0 989001001534424 
LZ4 4 NRPK 289 151 1 989001001534434 
PZ1 5 NRPK 604 1,285 4 Mortality 
PZ2 6 NRPK 548 1,615 4 989001001534435 
PZ1 8 NRPK 273 127 1 989001001534437 
PZ2 10 NRPK 555 1,268 4 989001001534392 
LZ1 12 NRPK 257 195 1 989001001534346 
LZ3 13 NRPK 440 554 2 989001001534456 
123 14 МЕРК 269 110 1 989001001534318 
125 15 NRPK 307 199 1 989001001534441 
121 16 МАРК 247 108 1 989001001534400 
123 17 NRPK 305 181 1 989001001534380 
LZ3 18 NRPK 294 163 2 989001001534454 
LZ3 19 NRPK 362 324 1 989001001534365 
122 20 NRPK 306 169 2 989001001534373 
Р21 21 МАРК 620 1,499 3 989001001534369 
PZ2 22 NRPK 546 1,262 3 989001001534404 
PZ1 23 NRPK 530 1,035 3 989001001534383 
Р21 24 МАРК 522 967 3 989001001534418 
LZ5 26? NRPK 704 2,530 7 989001001534430 
LZ5 27 NRPK 695 1,980 5 989001001534372 
LZ3 28 NRPK 350 172 1 989001001534361 
Lake Perimeter 29 NRPK 273 147 2 989001001534397 
Lake Perimeter 30 NRPK 305 199 1 989001001534420 
Lake Рептејег 31 NRPK 291 203 1 989001001554421 
Lake Perimeter 32 NRPK 272 153 1 989001001534443 
Lake Perimeter 33 NRPK 229 91 1 989001001534417 
Lake Рептејег 34 МВРК 252 99 1 989001001534444 
Lake Perimeter 35 NRPK 227 74 1 989001001534442 
Lake Perimeter 36 NRPK 249 106 1 989001001534357 
PZ1 37 NRPK 551 1,100 4 Mortality 

1 Fish was captured twice in 2018. 

? Fish is a recapture from 2017. Anal fin collected in 2017, scales collected in 2018. 

UA = Unavailable 
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Table 3.19 (Сопеа.) 


Station Fish Id Species Length (mm)  Weight(g) Аде (fin ray) Tag No. 

Р21 38 NRPK 653 1,920 5 989001001534366 
Island Perimeter 39 NRPK 310 202 1 989001001534439 
Island Perimeter 40 NRPK 241 95 2 989001001534396 
PZ2 7 YLPR 161 58 1 989001001534394 
PZ2 9 YLPR 174 70 2 989001001534453 
PZ2 11 YLPR 165 60 2 989001001534395 


1 Fish was captured twice іп 2018. 
? Fish is a recapture from 2017. Anal fin collected in 2017, scales collected in 2018. 
UA = Unavailable 


3.6.1.1 Outlet Channel and Creek А 


Fish populations were assessed in Creek A and the outlet channel on September 18, 2018 (Figure 3.50). 
Fork length and weight of each fish captured during the 2018 monitoring program are provided in 
Appendix A5. 


A total of five species were captured in the outlet channel during the September 2018 fish sampling 
program, consisting of two northern pike, five burbot, one lake chub, two longnose sucker, and one slimy 
sculpin; this was the lowest CPUE observed in the outlet since fish population monitoring was initiated in 
2015 (Table 3.20). Species captured in previous years that were not captured in 2018 included white 
sucker (30 in 2016 and one in 2017), longnose dace (one in 2016), and northern redbelly dace (NRDC) 
(three in 2016). Species richness varied between the outlet channel stations and Creek A with a total of 
four species captured at station OC2, three species captured at station OC3, and similar to 2016 and 
2017, no fish captured at station IC1 (Table 3.20). Relative abundance (CPUE) and biomass (GPUE) was 
highest at station OC3 (Table 3.21 and Table 3.22). 


There was an overall decrease in CPUE compared to 2016 and 2017. As discussed in Section 3.6.1, a 
decrease in available pool habitat due to repeated beaver damming of the lake outlet resulted in lower SI 
ratings for several species (i.e., јаке chub, burbot, white sucker, brook stickleback, and fathead minnow), 
which may also have contributed to the lower fish abundance observed in 2018. Further, the repeated 
building and removal of beaver dams at the lake outlet resulted in a greater range in water levels, 
temperatures, and DO concentrations in the outlet channel compared to previous years (Section 3.1.2.2 
and Section 3.2.1.2). 


In 2018, aging structures were collected from three burbot (>150 mm) captured in the outlet channel (Table 
3.23). Analysis of fin rays indicated that all three burbot were one year of age irrespective of fork length 
(range of 158 mm to 210 mm) and weight (range of 19.0 g to 49.5 g). Inadequate sample sizes prevented 
the development of length-frequency distributions for fish species captured in the outlet channel. 


Similar to 2016 and 2017, no fish were captured in Creek A (station IC1) in 2018. The steep gradient and 
high flow velocities in this section of Creek A provides marginal habitat for fish. To date only one longnose 
sucker has been captured in Creek A (2015). Fish captures pre-development of the NNLL were restricted 
to the downstream reach (i.e., within 100 m of the creek mouth). No fish were captured within upstream 
reaches of Creek A (i.e., upstream of the NNLL) during environmental baseline studies (TrueNorth 2001). 
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Figure 3.50 Photographs of fish species captured in the outlet channel, Fort Hills Oil 
Sands Project, September 2018. 


Lake chub captured at OC3 


Burbot captured at OC3 


Run habitat in OC3. The high watermark (arrow) Riffle habitat in OC3 
indicates water level prior to beaver damming 
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Table 3.20 Fish species captured by year in the Мо Net Loss Lake outlet channel, Fort 
Hills Oil Sands Project, 2015 to 2018. 


Species 2015 2016 2017 2018 
NRPK 1 0 0 2 
BURB 8 5 11 5 
LKCH 1 10 2 1 
LNDC 0 1 0 0 
LNSC 0 1 17 2 
NRDC 0 3 0 0 
SPSH 0 36 0 0 
WHSC 0 30 1 0 
SLSC 1 0 2 1 
Total 11 86 33 11 
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Table 3.23 Аде, length, weight and tag number of fish caught in No Net Loss Lake 
outlet channel, Fort Hills Oil Sands Project, September 2018. 


Station Ба Fishld Species ^ Length Weight Age (fin ray) Tag No. 
OC3 HU-1 1 BURB 158 19.0 1 989001001534416 
OC2 HU-3 3 BURB 187 36.0 1 989001001534358 
OC3 HU-3 4 BURB 210 49.5 1 989001001534297 
Fish Passage 


Condition 3.12 of Authorization states that the Proponent "shall ensure fish passage between the 
Athabasca River, the comp lake, and the reaches of the tributaries flowing into the comp lake", as 
specified in the NNLLDP. The outlet channel was designed to provide fish passage between the 
Athabasca River, the NNLL and Creek A. The outlet channel consists of a series of riffles and pools, with 
the pools designed to provide low-velocity resting areas for fish. This design provides water depth and 
velocity characteristics suitable for fish passage by northern pike and the majority of remaining sportfish 
species at discharges as low as 0.02 m?/s. 


Barriers to fish migration were not observed in the outlet channel until May 2018, when beavers 
constructed a dam at the outlet of the NNLL, directly upstream of OC1 (Figure 3.51). A number of 
measures were implemented to restore fish passage and deter beaver activity in the outlet channel, 
including routine manual dam removal, installation of beaver fencing (Figure 3.51) and trapping (Table 
3.24). The beaver fence is intended to deter beaver activity by limiting access to escape cover and local 
building materials while still maintaining fish passage. As part of the adaptive management process, the 
Proponent will continue to monitor and implement beaver deterrent measures and investigate long-term 
beaver management solutions to ensure fish passage between the Athabasca River, the NNLL, and 
Creek A is maintained; however, once the aquatic ecosystem is established to the satisfaction of DFO, 
beaver use of the outlet channel may need to be accepted as a naturally occurring process (Golder 
2006). 


There has been continuous flow in the outlet channel since hydrometric monitoring commenced in 2014; 
however, flows in the outlet channel have fallen below 0.02 m?/s at certain times of the year due to 
responses to environmental conditions, mainly beaver damming in 2018 (Figure 3.6). 


Between 2015 and 2018 there has been an increase in the number of fish caught during the fish surveys, 
including new species not documented in Creek A prior to the development of the NNLL. Overall, 12 
species have been captured in the NNLL and outlet channel since 2015. These results, in addition to 
NNLL water levels remaining above the invert elevation of the outlet channel (i.e., 232.0 m; 
Section 3.1.2.1), and flows periodically exceeding 0.02 m?/s for sustained periods of time are consistent 
with fish being able to access NNLL from the Athabasca River. 
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Two fish were recorded crossing the outlet channel PIT tag stations in 2018. A northern pike captured 
and tagged from the pelagic zone of the NNLL, was released near the NNLL outlet on August 16, 2018 
and crossed ONL-01 (upstream station) on August 16, 2018 and DSO-01 (downstream station) on 
August 17, 2018, indicating downstream movement. A burbot captured and tagged from the OC2 study 
reach on September 18, 2018 was detected at DSO-01 (downstream station) on September 26, 2018, 
also indicating downstream movement. Two northern pike caught in the NNLL during the August 2018 
fish survey were also recaptures; one was tagged during the NNLL 2017 sampling program, while the 
other was tagged in the NNLL two days prior to the recapture. The fork length and weigh of the 
recaptured northern pike tagged in 2017 was 704 mm (decrease of 14 mm from 2017) and 2,530 g 
(increase of 480 g from 2017), respectively. An additional 33 northern pike, one burbot, and three yellow 
perch were tagged in the NNLL, and three burbot were tagged in the outlet channel in 2018. It is 
anticipated that the PIT tag stations will provide insight into fish residence in the NNLL, and migration 
patterns between the Athabasca River, the outlet channel, and the NNLL as more fish are tagged over 
time (Table 3.25). 


Figure 3.51 Photographs of the beaver dam and deterrent fencing in the outlet channel, 


Fort Hills Oil Sands Project, 2018. 


Beaver dam at NNLL outlet (July 2018), dam is 
constructed primarily of cobble 


Outlet channel water depth at OC1 while 
beaver dam is intact (June 2018) 


Beaver fence at NNLL outlet 
(September 2018) 


Beaver fence at NNLL outlet (September 2018) 
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Тарје 3.24 


Тарје 3.25 


2018 Мо Net 055 Lake Monitoring Program 


Schedule of beaver dam mitigation measures in the outlet channel, Fort 
Hills Oil Sands Project, 2018. 


Date 
28-May-2018 
3-Jun-2018 
9-Jun-2018 
16-Jun-2018 
23-Jun-2018 
28-Jun-2018 
10-Jul-2018 
14-Jul-2018 
23-Jul-2018 
28-Jul-2018 
4-Aug-2018 
11-Aug-2018 
15-Aug-2018 
7-Sep-2018 
16-Sep-2018 
26-Sep-2018 
26-Sep-2018 
16-Oct-2018 


Dam removal and installation of fencing 


Mitigative Measure 


Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 
Dam removal 


Dam removal 


Dam removal 


Dam removal 


Trap three beavers 


Dam removal 


Number of fish tagged in the No Net Loss Lake, Creek A and outlet channel, 
Fort Hills Oil Sands Project, 2015 to 2018. 


Species 2015 2016 2017 2018 
BURB 0 0 0 4 
NRPK 6 4 12 33 
LNSC 1 0 1 0 
WHSC 0 1 0 0 
YLPR 0 0 1 3 
Total 7 5 14 40 
113 
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3.6.3 Fish Tissue 


Muscle tissue samples were collected from 24 northern pike, one burbot and three yellow perch for 
analysis of methyl mercury as specified in the DFO Authorization (Condition 4.10). Methyl mercury 
concentrations ranged from 0.039 ug/g to 0.434 ug/g т 2018, with a mean of 0.176 ug/g (Table 3.26). 
Health Canada's methyl mercury guidelines for human consumption of fish are 0.50 mg/kg for general 
consumers (Health Canada 2007) and 0.20 mg/kg for subsistence fishers (Health Canada 1979). 
Accordingly, 11 fish (39% of samples) exceeded the ашде пе for subsistence fishers of which two were 
of legal retention size for recreational fishers in Alberta (>630 mm for lakes in Region NB4). Similar to 
previous years none exceeded the guideline for general consumers (Table 3.26). This represents an 
increase in fish exceeding the subsistence fishers guideline compared to 2016 and 2017 (i.e., 2596 and 
21%, respectively) and is expected with a larger sample size of larger and older fish. Tissue burdens of 
mercury are often higher in larger/older fish because mercury bioaccumulates over time (Neumann and 
Ward 1999). The concentration of methyl mercury in northern pike (captured in the NNLL during 2018) is 
positively correlated with age, length and weight (Figure 3.52). Guideline exceedances appear to be 
restricted to older (i.e., 3* years) and larger fish (Figure 3.52). 


A regional assessment of mercury concentrations observed in northern pike muscle samples collected 
from 2002 to 2013 (RAMP 2013 and Government of Alberta 2016) is compared to NNLL results in 
Figure 3.53. Mean mercury concentrations in northern pike were standardized to mean fork length of fish 
from all samples (610 mm) and compared against human consumption guidelines. 


Standardized mean mercury levels from the regional assessment ranged from 0.065 mg/kg (Bitscho Lake 
in 2011) to 0.545 mg/kg (Hilda Lake in 2013) for the lakes sampled within the oil sands region, while lakes 
outside of the oil sands region, but located in northern Alberta had mean mercury levels ranging from 
0.041 mg/kg (Snipe Lake in 2011) to 0.901 mg/kg (Pinehurst Lake in 2011). The mean mercury level in 
muscle tissue of northern pike captured from the NNLL in 2018 was 0.189 mg/kg, which was within the 
range of the Athabasca oil sands regional data as well as the range of other northern Alberta lakes 
outside of the Athabasca oil sands region (Figure 3.53). 


Currently the Fish Research Licence (FRL) for the NNLL does not permit tissue sampling from fish that 
show evidence of previous tissue sampling. Collecting multiple samples from the same fish over time 
would enable assessments of methylmercury concentrations in fish from the NNLL over time (i.e., are 
concentrations increasing, decreasing or stable). Hatfield will engage AEP to further investigate the 
possibility of repeat tissue sampling in the same fish to better track mercury concentrations in fish tissue 
over time. 
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Table 3.26 


Station 


125 
Р21 
PZ1 
Р21 
PZ1 
PZ1 
PZ2 
PZ1 
Р22 
Р21 
Р22 
Р21 
Р21 
125 
171 
123 
123 
123 
121 
Гаке Рептејег 
Lake Perimeter 
LZ2 
LZ4 
Lake Perimeter 
122 
Р22 
Р22 
Р22 


Fish Id 


Species 


NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
NRPK 
BURB 
YLPR 
YLPR 
YLPR 


Length 


(mm) 
1695 
620 
490 
1653 
604 
551 
548 
532 
555 
522 
546 
530 
273 
307 
247 
269 
362 
440 
257 
229 
272 
173 
289 
291 
361 
165 
161 
174 


Weight (g) 


1,980 
1,500 
729 
1,920 
1,285 
1,100 
1,615 
988 
1,268 
968 
1,262 
1,035 
127 
200 
108 
110 
324 
555 
195 
92 
154 
39 
152 
203 
234 


71 


Age (У) 


о о о A aA A ~ A TH о о о 


Methyl mercury concentrations in fish captured in No Net Loss Lake, Fort 
Hills Oil Sands Project, 2018. 


Methyl Mercury 
Concentration (ug/g) 


0.434 
0.407 
0.393 
0.344 
0.332 
0.330 
0.286 
0.265 
0.252 
0.248 
0.236 
0.168 
0.108 
0.105 
0.098 
0.095 
0.093 
0.081 
0.081 
0.078 
0.076 
0.063 
0.063 
0.053 
0.127 
0.043 
0.042 
0.039 


Bolded values denote exceedances of Health Canada's guideline for subsistence fisherfolk (0.20 mg/kg) (1979). 


'Of legal size for retention by recreational fishers in Alberta (2630 mm for lakes in Region NB4). 
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Figure 3.52 Methyl mercury concentrations in northern pike caught in the Мо Net Loss 
Lake by length, weight and age, Fort Hills Oil Sands Project, 2018. 
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Figure 3.53 Regional comparison of mean length-standardized concentrations of mercury in northern pike from lakes іп 
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Note: 2002 to 2013 data acquired from RAMP 2013 and Government of Alberta 2016. 
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4.0 CONCLUSIONS 


Hydrologic monitoring results in 2018 indicated that the water level of the NNLL displayed more 
fluctuation and was slightly higher than previous years as a result of recurring beaver dam construction 
and removal at the lake outlet. Evidence of shoreline erosion or disturbance to the littoral zone was not 
observed, indicating that the littoral zone of the NNLL was relatively stable during the open-water season. 
The water level of the lake was above the invert elevation of the outlet channel for the entire water year 
(November 1 to October 31), which allowed for continuous flow to the outlet channel from the NNLL. 
Similar to previous years, the NNLL water balance showed that surface water inputs exceeded surface 
water losses, suggesting that residual water is lost to groundwater. 


Results of continuous water quality monitoring indicated that water temperature in the NNLL was 
influenced by both air and groundwater temperatures and is well mixed, displaying little thermal 
stratification. Water temperature in both Creek A and the outlet channel are primarily influenced by 
groundwater. Conductivity values and seasonal trends were similar to 2016 and 2017. DO concentrations 
in the NNLL were also similar to 2016 and 2017 values and remained within guidelines for the protection 
of aquatic life (GoA 2018). Under ice concentrations of DO in late winter indicated that suitable over- 
wintering habitat was available for fish in the NNLL. On June 19, the daily average DO concentration in 
the outlet channel at station OC1 (6.3 mg/L) fell below the chronic guideline for the protection of 
freshwater aquatic life (6.5 mg/L) and continued to fall to 5.2 mg/L (above the acute guideline of 5.0 mg/L) 
on June 21, until rising above chronic guidelines following removal of a beaver dam at the lake outlet on 
June 23. Although higher than previous years in summer, pH remained within guidelines during the open- 
water period. Turbidity measured in the pelagic zone remained low (i.e., maximum of 1.53 NTU) during 
the open-water season and was comparable to previous years. Concentrations of all water quality 
variables in Creek A, the outlet channel and NNLL were below water quality guidelines (GoA 2018) in 
2018. Results of winter sublethal toxicity testing of water did not indicate any inhibitory effects to aquatic 
life in the NNLL. 


Similar to previous years, results of analytical sediment quality monitoring in the NNLL showed a 
guideline exceedance of CCME F3 (C16-C34) hydrocarbons at the pelagic station in fall; however, 
concentrations of F3 (C16-C34) hydrocarbons were comparable to other lakes in the region 
(i.e., Shipyard, Kearl, and Isadore's lakes). Sediment hydrocarbon concentrations were dominated by F3 
and F4 hydrocarbons, which indicated the presence of bitumen in sediments common for many 
watersheds in the Athabasca oil sands region. Survival of both freshwater amphipods and midges in 
sediment from the littoral zone and midges in the pelagic zone was noticeably lower than laboratory 
controls; however, survival of amphipods in the pelagic zone was similar to laboratory controls. Despite 
the decrease in amphipod and midge survival, growth of both species was higher than the laboratory 
controls. Further, results of sediment chemistry and the increased proportion of amphipods and midges in 
the NNLL compared to previous years suggest that there is no inhibitory effect. 


Results of the benthic invertebrate, plankton, and macrophyte community monitoring (i.e., lower trophic 
levels of aquatic organisms) indicated that the productivity of the lake, as well the presence of suitable 
fish habitat, should support the ongoing colonization of fish populations. A number of fish species were 
captured in the NNLL and the outlet channel in 2018 (northern pike, yellow perch, burbot, longnose 
sucker, lake chub, emerald shiner, spottail shiner and slimy sculpin). Fish captured in the NNLL and the 
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outlet channel over the course of the monitoring program (i.e., 2015 to 2018) include: northern pike, 
yellow perch, burbot, longnose sucker, white sucker, lake chub, emerald shiner, spottail shiner, slimy 
sculpin, finescale dace, longnose dace, and northern redbelly dace. Presence of these species in the lake 
is consistent with ongoing fish colonization, and with upstream fish passage through the outlet channel. 
Similar to 2016 and 2017, no fish were captured in Creek A in 2018, as the steeper gradients and 
increased flow velocity provide marginal habitat for fish. To date only one longnose sucker has been 
captured in Creek A (2015). 


Results of methyl mercury testing in fish muscle tissue in 2018 indicated that 11 of the 28 fish sampled in 
the NNLL exceeded the guideline for subsistence fishers, while none exceeded the guideline for general 
consumers. The concentration of methyl mercury in northern pike in 2018 appears positively correlated 
with age, length and weight as guideline exceedances appear to be restricted to older (i.e., 3* years) and 
larger fish. Concentrations of mercury in fish tissue from the NNLL were within the range of the 
Athabasca oil sands regional dataset as well as the range of other northern Alberta lakes not influenced 
by oil sand activities. 


Based on 2018 results, the NNLL and outlet channel are currently providing 903,540 HU, which is a small 
decrease from 2017 (913,215 HU), but still greater than both the 869,778 HU predicted in the NNLLDP 
(Golder 2006) and the 2:1 compensation ratio specified in the DFO Authorization. HU provided by the 
NNLL specifically in 2018 did not change from 2017 (i.e., 865,365). An increase in percent cover by 
macrophytes in the littoral zone has resulted in offsetting changes in habitat suitability, whereby certain 
species' SI values decreased (e.g., lake chub, yellow perch and longnose sucker) while SI values for 
other species increased (e.g., brook stickleback and fathead minnow). With the exception of substrate 
(i.e., decrease in cobble, as fines settle and macrophytes colonize areas «1 m deep in the littoral zone), 
habitat quality for other variables in the NNLL remained relatively similar to that observed in 2017. In the 
outlet channel, total HU decreased in 2018 compared to 2017. The main limiting habitat variable in the 
outlet channel is channel unit (i.e., channel morphology type). A decrease in available pool habitat 
resulted in lower SI ratings for several species (i.e., lake chub, burbot, white sucker, brook stickleback 
and fathead minnow). This reduction in available pool habitat is likely attributable to low water levels in 
the outlet channel during the September 2018 survey related to beaver activity (i.e., repeated damming of 
the lake outlet), such that mesohabitats previously identified as pools were classified іп 2018 as run 
habitat. 


Two fish were recorded crossing the outlet channel Pit Tag stations in 2018. A northern pike captured and 
tagged from the pelagic zone of the NNLL on August 16, 2018 crossed the upstream station on 
August 16, 2018, and the downstream station on August 17, 2018, suggesting downstream movement. A 
burbot captured and tagged from the OC2 study reach on September 18, 2018 was detected at the 
downstream station on September 26, 2018, also suggesting downstream movement. An additional 33 
northern pike, one burbot and three yellow perch were tagged in the NNLL, and three burbot were tagged 
in the outlet channel in 2018. It is anticipated that the Pit Tag Antennas will provide insight into fish 
residence in the NNLL and migration between the Athabasca River, the outlet channel and the NNLL as 
more fish are tagged over time. 
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Overall, the productivity of the NNLL has progressed at а rate anticipated during the design and 
development of the NNLL (Golder 2006). The continued biological colonization of the lake indicated that 
the physical and chemical characteristics of the lake are capable of supporting diverse fish populations. 
Three changes are proposed for year five of the monitoring program: 


1. 


Discontinue fish and fish habitat sampling in Creek A during the September (fall) program given 
2018 represents the third consecutive year of no fish captures. The steeper gradient and 
increased flow velocity in this section of Creek A provides marginal habitat for fish, which is 
consistent with environmental baseline studies conducted pre-development of the NNLL when no 
fish were captured in this reach of Creek A. Further, the habitat characteristics remain similar 
year to year given the stable and consistent flow pattern of Creek A. Fish passage will continue to 
be monitored in order to satisfy conditions 3.12 and 3.3 of the DFO Authorization. 


Conduct plankton monitoring in August to improve understanding of seasonal patterns of 
phytoplankton and zooplankton in the NNLL. 2018 represents the second consecutive year where 
increases in chlorophyll a were observed at Station PZ1 in August. Currently plankton monitoring 
occurs in March, May, July and September. 


Engage AEP to further investigate the possibility of repeat tissue sampling in the same fish to 
better track mercury concentrations in fish tissue over time. Currently the Fish Research Licence 
for the NNLL does not permit tissue sampling from fish that show evidence of previous tissue 
sampling. Collecting multiple samples from the same fish over time would enable assessments of 
methylmercury concentrations in fish Тот the NNLL over time (i.e., are concentrations 
increasing, decreasing or stable). 


Further evaluation will occur at the end of the approved five-year monitoring program. 
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Table A1.1 Daily Surface Hydrology Data for 2018 WY. 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (m?/s) (m/s) (m?/s) (m/s) 
1-Nov 232.343 0.048 0.071 0.162 0.274 
2-Nov 232.331 0.048 0.049 0.133 0.273 
3-Nov 232.323 0.048 0.037 0.118 0.317 
4-Nov 232.318 0.048 0.030 0.110 0.289 
5-Nov 232.316 0.048 0.026 0.108 0.279 
6-Nov 232.313 0.048 0.023 0.103 0.272 
7-Nov 232.311 0.048 0.021 0.101 0.273 
8-Nov 232.310 0.048 0.019 0.097 0.269 
9-Nov 232.308 0.049 0.018 0.095 0.277 
10-Nov 232.308 0.049 0.018 0.096 0.281 
11-Nov 232.307 0.049 0.018 0.096 0.275 
12-Nov 232.307 0.049 0.017 0.096 0.277 
13-Nov 232.307 0.049 0.017 0.096 0.259 
14-Nov 232.307 0.049 0.017 0.095 0.241 
15-Nov 232.306 0.048 0.016 0.093 0.224 
16-Nov 232.309 0.048 0.017 0.099 0.208 
17-Nov 232.309 0.048 0.017 0.097 0.207 
18-Nov 232.308 0.047 0.017 0.096 0.226 
19-Nov 232.307 0.048 0.017 0.096 0.244 
20-Nov 232.314 0.048 0.021 0.103 0.229 
21-Nov 232.311 0.048 0.019 0.100 0.166 
22-Nov 232.310 0.048 0.018 0.097 0.166 
23-Nov 232.310 0.048 0.019 0.101 0.205 
24-Nov 232.311 0.048 0.018 0.100 0.223 
25-Nov 232.310 0.048 0.017 0.098 0.239 
26-Nov - 0.048 0.017 0.097 0.260 
27-Nov - 0.048 0.023 0.106 0.268 
28-Nov 232.318 0.048 0.025 0.108 0.270 
29-Nov - 0.048 0.023 0.106 0.272 
30-Nov 232.314 0.048 0.020 0.104 0.274 
1-Dec 232.312 0.048 0.019 0.102 0.276 
2-Dec 232.309 0.048 0.017 0.100 0.277 
3-Dec 232.306 0.047 0.017 0.099 0.284 
4-Dec - 0.047 0.016 0.097 0.309 
5-Dec - 0.047 0.017 0.099 0.350 
6-Dec 232.301 0.047 0.016 0.098 0.354 
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Table А1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m а..1.) (m?/s) (m?/s) (m?/s) (m/s) 
7-Dec 232.300 0.048 0.016 0.098 0.354 
8-Dec 232.300 0.048 0.016 0.096 0.361 
9-Dec 232.300 0.048 0.016 0.097 0.349 
10-Dec 232.303 0.047 0.018 0.103 0.339 
11-Dec 232.305 0.048 0.019 0.105 0.331 
12-Dec 232.303 0.047 0.019 0.104 0.306 
13-Dec 232.301 0.047 0.018 0.102 0.282 
14-Dec 232.299 0.048 0.018 0.100 - 
15-Dec 232.303 0.048 0.020 0.108 - 
16-Dec 232.303 0.048 0.020 0.106 0.234 
17-Dec 232.301 0.048 0.020 0.105 0.235 
18-Dec 232.300 0.048 0.020 0.102 0.229 
19-Dec - 0.048 0.019 0.099 0.211 
20-Dec 232.297 - 0.019 0.100 0.262 
21-Dec - - 0.019 0.101 0.280 
22-Dec - - 0.019 0.101 0.255 
23-Dec - - 0.020 0.098 0.246 
24-Dec - - 0.019 0.097 0.257 
25-Dec - - 0.019 0.095 0.268 
26-Оес - - 0.019 0.094 0.283 
27-Оес - - 0.019 0.095 0.290 
28-Оес - - 0.019 0.095 0.270 
29-Dec - - 0.019 0.092 0.255 
30-Dec - - 0.019 0.093 0.240 
31-Dec - - 0.020 0.088 0.173 
1-Jan - 0.045 0.020 0.089 0.175 
2-Jan - - 0.020 0.089 0.175 
3-Jan - 0.047 0.020 0.090 0.172 
4-Jan - 0.046 0.021 0.093 0.169 
5-Jan - 0.046 0.021 0.093 0.169 
6-Jan - 0.046 0.022 0.093 0.173 
7-Jan - 0.046 0.022 0.095 0.174 
8-Jan - 0.046 0.022 0.093 0.172 
9-Jan - 0.045 0.023 0.094 0.172 
10-Jan - 0.046 0.023 0.093 0.173 
11-Jan - 0.046 0.023 0.093 0.174 
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Table A1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m а.в.1.) (m?/s) (m/s) (m/s) (m/s) 
12-Jan - . 0.045 0.023 0.091 0.176 
13-Jan - 0.045 0.023 0.091 0.194 
14-Jan - 0.045 0.023 0.090 0.206 
15-Jan - 0.046 0.023 0.089 0.216 
16-Jan - 0.045 0.024 0.090 0.224 
17-Jan - 0.045 0.024 0.090 0.228 
18-Jan - 0.045 0.025 0.091 0.226 
19-Jan - 0.045 0.026 0.094 0.219 
20-Jan - 0.046 0.027 0.096 0.217 
21-Jan - 0.045 0.027 0.096 0.216 
22-Jan - 0.047 0.028 0.097 0.210 
23-Jan - 0.045 0.028 0.099 0.200 
24-Jan - 0.045 0.028 0.098 0.194 
25-Jan - 0.044 0.028 0.095 0.193 
26-Jan - 0.045 0.028 0.093 0.182 
27-Jan - 0.044 0.028 0.090 0.170 
28-Jan - 0.044 0.028 0.088 0.164 
29-Jan - 0.045 0.028 0.088 0.161 
30-Jan - 0.044 0.029 0.091 0.155 
31-Jan - 0.044 0.029 0.090 0.150 
1-Feb 232.287 0.045 0.029 0.089 0.144 
2-Feb - 0.046 0.029 0.088 0.139 
3-Feb - 0.046 0.029 0.086 0.133 
4-Feb 232.285 0.046 0.029 0.088 0.128 
5-Feb 232.285 0.046 0.030 0.091 0.123 
6-Feb 232.285 0.046 0.030 0.091 0.119 
7-Feb 232.285 0.047 0.030 0.091 0.115 
8-Feb 232.284 0.047 0.030 0.094 0.112 
9-Feb 232.285 0.047 0.031 ^. 0.095 0.109 
10-Feb 232.286 0.047 0.031 0.096 0.107 
11-Feb 232.286 0.047 0.031 0.093 0.106 
12-Feb 232.287 0.045 0.030 0.094 0.106 
13-Feb 232.288 0.045 0.030 0.097 0.106 
14-Feb 232.289 0.045 0.031 0.096 0.105 
15-Feb 232.289 0.045 0.031 0.097 0.102 
16-Feb 232.290 0.046 0.031 0.096 0.099 
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Table А1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (mis) (m/s) (m/s) (m/s) 
17-Feb 232.289 0.046 0.030 0.097 0.096 
18-Feb 232.290 0.046 0.030 0.096 0.097 
19-Feb 232.290 0.046 0.030 0.096 0.102 
20-Feb 232.290 0.046 0.030 0.094 0.112 
21-Feb 232.290 0.046 0.031 0.096 0.124 
22-Feb 232.291 0.046 0.029 0.097 0.134 
23-Feb 232.292 0.047 0.030 0.098 0.142 
24-Feb 232.295 0.048 0.030 0.099 0.143 
25-Feb 232.301 0.049 0.030 0.100 0.137 
26-Feb 232.301 0.049 0.029 0.101 0.126 
27-Feb 232.303 0.049 0.029 0.102 0.110 
28-Feb 232.304 0.049 0.029 0.103 0.092 
1-Маг 232.302 0.048 0.028 0.104 0.074 
2-Маг 232.298 0.049 0.028 0.106 0.067 
3-Маг 232.296 0.049 0.028 0.109 0.070 
4-Маг 232.296 0.049 0.027 0.109 0.079 
5-Маг 232.295 0.050 0.027 0.110 0.087 
6-Маг 232.297 0.051 0.027 0.112 0.096 
7-Маг 232.296 0.051 0.026 0.111 0.121 
8-Маг 232.295 0.051 0.025 0.109 0.159 
9-Mar 232.295 0.052 0.025 0.108 0.185 
10-Mar 232.294 0.052 0.024 0.108 0.184 
11-Mar 232.294 0.053 0.024 0.109 0.163 
12-Mar 232.294 0.053 0.024 0.110 0.198 
13-Mar 232.295 0.053 0.024 0.112 0.208 
14-Mar 232.296 0.052 0.024 0.114 0.181 
15-Mar 232.300 0.051 0.026 0.117 0.188 
16-Mar 232.304 0.051 0.027 0.121 0.208 
17-Mar 232.306 0.052 0.028 0.122 0.169 
18-Mar 232.305 0.051 0.027 0.119 0.125 
19-Mar 232.305 0.050 0.026 0.117 0.129 
20-Mar 232.307 0.051 0.028 0.122 0.196 
21-Mar 232.306 0.050 0.027 0.118 0.184 
22-Mar 232.304 0.049 0.026 0.113 0.156 
23-Mar 232.306 0.048 0.026 0.114 0.179 
24-Mar 232.307 0.049 0.026 0.116 0.204 
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Table A1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (m/s) (m/s) (m/s) (m?/s) 
25-Mar 232.306 0.048 0.025 0.112 0.232 
26-Mar 232.307 0.048 0.025 0.111 0.262 
27-Mar 232.306 0.048 0.024 0.109 0.311 
28-Mar 232.306 0.048 0.024 0.106 0.376 
29-Mar 232.305 0.047 0.024 0.103 0.470 
30-Mar 232.305 0.048 0.024 0.101 0.577 
31-Mar 232.308 0.048 0.024 0.104 0.672 
1-Apr 232.312 0.049 0.024 0.107 0.779 
2-Apr 232.314 0.048 0.025 0.109 0.831 
3-Apr 232.315 0.048 0.025 0.109 0.901 
4-Apr 232.317 0.047 0.025 0.108 1.029 
5-Apr 232.318 0.046 0.026 0.109 1.183 
6-Apr 232.319 0.046 0.026 0.109 1.326 
7-Apr 232.320 0.046 0.025 0.111 1.545 
8-Apr 232.318 0.046 0.024 0.109 1.819 
9-Apr 232.316 0.046 0.024 0.109 2.427 
10-Apr 232.315 0.045 0.023 0.105 . 3.491 
11-Apr 232.316 0.045 0.023 0.103 3.440 
12-Apr 232.317 0.044 0.023 0.105 2.533 
13-Apr 232.321 0.044 0.024 0.107 2.888 
14-Apr 232.324 0.044 0.024 0.117 4.070 
15-Apr 232.329 0.045 0.026 0.129 4.741 
16-Apr 232.331 0.045 0.026 0.120 5.024 
17-Apr 232.330 0.045 0.026 0.122 5.359 
18-Apr 232.332 0.044 0.027 0.132 5.717 
19-Apr 232.335 0.044 0.028 0.147 5.854 
20-Apr 232.340 0.043 0.031 0.165 4.657 
21-Apr 232.345 0.043 0.033 0.169 4.795 
22-Apr 232.351 0.042 0.035 0.179 5.637 
23-Apr 232.353 0.041 0.035 0.176 5.683 
24-Apr 232.352 0.041 0.032 0.169 5.650 
25-Apr 232.350 0.040 0.030 0.156 6.653 
26-Apr 232.347 0.039 0.027 0.147 6.009 
27-Apr 232.345 0.039 0.025 0.136 5.658 
28-Apr 232.344 0.039 0.023 0.132 6.019 
29-Apr 232.343 0.038 0.022 0.129 6.422 
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Table А1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (m/s) (m/s) (т3/5) (m/s) 
30-Apr 232.342 0.038 0.019 0.116 6.841 
1-May 232.344 0.038 0.017 0.109 7.195 
2-May 232.349 0.037 0.005 0.078 7.602 
3-May 232.359 0.040 0.004 0.076 7.922 
4-May 232.369 0.041 0.004 0.076 8.419 
5-May 232.379 0.041 0.003 0.075 9.483 
6-May 232.389 0.042 0.003 0.075 10.057 
7-May 232.398 0.041 0.003 0.076 10.322 
8-May 232.407 0.040 0.003 0.075 10.480 
9-May 232.413 0.040 0.003 0.075 10.512 
10-May 232.421 0.039 0.003 0.075 10.380 
11-May 232.428 0.040 0.004 0.077 10.172 
12-May 232.435 0.041 0.004 0.079 9.844 
13-Мау 232.440 0.042 0.004 0.078 9.388 
14-Мау 232.447 0.042 0.003 0.078 8.866 
15-Мау 232.454 0.042 0.003 0.079 8.379 
16-Мау 232.458 0.042 0.004 0.079 7.926 
17-Мау 232.462 0.042 0.004 0.079 7.436 
18-Мау 232.467 0.042 0.004 0.078 6.946 
19-Мау 232.472 0.042 0.003 0.078 6.498 
20-Мау 232.476 0.042 0.004 0.079 6.113 
21-Мау 232.481 0.042 0.004 0.079 5.767 
22-Мау 232.486 0.042 0.003 0.077 5.422 
23-Мау 232.489 0.042 0.003 0.076 5.034 
24-Мау 232.494 0.042 0.003 0.076 4.650 
25-Мау 232.499 0.042 0.003 0.076 4.265 
26-Мау 232.505 0.042 0.003 0.077 3.970 
27-Мау 232.507 0.042 0.003 0.076 3.736 
28-Мау 232.499 0.042 0.046 0.262 3.513 
29-May 232.451 0.042 0.035 0.180 3.226 
30-May 232.446 0.042 0.004 0.067 2.974 
31-May 232.450 0.042 0.002 0.063 2.743 
1-Jun 232.452 0.043 0.001 0.062 2.468 
2-Jun 232.456 0.042 0.001 0.062 2.244 
3-Jun 232.454 0.042 0.035 0.180 2.092 
4-Jun 232.429 0.043 0.022 0.113 1.965 
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Table A1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (m?/s) (m?/s) (m/s) (m?/s) 
5-Jun 232.433 0.045 0.012 0.080 2.042 
6-Jun 232.436 0.043 0.003 0.063 2.237 
7-Jun 232.443 0.043 0.002 0.060 2.289 
8-Jun 232.447 0.044 0.001 0.058 2.219 
9-Jun 232.444 0.045 0.037 0.176 2.119 
10-Jun 232.408 0.046 0.051 0.202 1.997 
11-Jun 232.397 0.047 0.011 0.075 1.933 
12-Jun 232.408 0.048 0.004 0.061 1.988 
13-Jun 232.424 0.048 0.002 0.059 2.179 
14-Jun 232.438 0.048 0.001 0.056 2.420 
15-Jun 232.445 0.047 0.001 0.053 2.479 
16-Jun 232.441 0.046 0.044 0.195 2.458 
17-Jun 232.415 0.045 0.020 0.089 2.390 
18-Jun 232.418 0.045 0.002 0.050 2.278 
19-Jun 232.422 0.045 0.001 0.048 2.124 
20-Jun 232.427 0.045 0.001 0.048 1.973 
21-Jun 232.431 0.045 0.001 0.047 1.808 
22-Jun 232.434 0.045 0.001 0.046 1.648 
23-Jun 232.438 0.046 0.024 0.111 1.598 
24-Jun 232.435 0.045 0.014 0.068 1.760 
25-Jun 232.438 0.045 0.003 0.047 1.743 
26-Jun 232.449 0.046 0.001 0.046 1.721 
27-Jun 232.461 0.047 0.004 0.052 2.094 
28-Jun 232.471 0.050 0.050 0.213 3.324 
29-Jun 232.463 0.049 0.022 0.100 5.310 
30-Jun 232.474 0.047 0.003 0.049 6.343 
1-Jul 232.483 0.046 0.001 0.045 6.914 
2-Jul 232.490 0.046 0.001 0.044 7.214 
3-Jul 232.501 0.046 0.002 0.050 7.824 
4-Jul 232.514 0.046 0.002 0.046 9.131 
5-Jul 232.519 0.045 0.001 0.043 9.527 
6-Jul 232.523 0.044 0.001 0.042 9.489 
7-Jul 232.526 0.044 0.001 0.043 9.574 
8-Jul 232.530 0.044 0.001 0.042 9.378 
9-Jul 232.532 0.044 0.001 0.042 8.949 
10-Jul 232.529 0.043 0.036 0.164 8.306 
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Table A1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (т3/с) (m?/s) (m?/s) (m?/s) 
11-Jul 232.488 0.043 0.040 0.145 7.642 
12-Jul 232.481 0.043 0.005 0.048 6.869 
13-Jul 232.483 0.043 0.002 0.044 6.127 
14-Jul 232.476 0.043 0.039 0.147 5.400 
15-Jul 232.439 0.042 0.049 0.168 4.871 
16-Jul 232.427 0.042 0.006 0.050 4.518 
17-Jul 232.430 0.042 0.001 0.044 4.044 
18-Jul 232.431 0.042 0.001 0.042 3.607 
19-Jul 232.433 0.042 0.001 0.042 3.192 
20-Jul 232.434 0.042 0.001 0.041 2.811 
21-Jul 232.453 0.049 0.002 0.065 2.840 
22-Jul 232.496 0.046 0.009 0.070 4.096 
23-Jul 232.508 0.046 0.039 0.173 5.548 
24-Jul 232.467 0.045 0.069 0.261 7.531 
25-Jul 232.452 0.044 0.007 0.060 9.115 
26-Jul 232.457 0.043 0.003 0.050 10.174 
27-Jul 232.462 0.043 0.002 0.048 10.607 
28-Jul 232.458 0.043 0.037 0.148 10.373 
29-Jul 232.436 0.043 0.024 0.095 9.648 
30-Jul 232.433 0.042 0.002 0.053 8.677 
31-Jul 232.435 0.042 0.001 0.051 7.589 
1-Aug 232.438 0.042 0.001 0.051 6.905 
2-Aug 232.441 0.042 0.001 0.051 6.214 
3-Aug 232.444. 0.042 0.001 0.052 5.549 
4-Aug 232.444 0.042 0.022 0.108 4.883 
5-Aug 232.428 0.042 0.014 0.079 4.271 
6-Aug 232.429 0.042 0.003 0.056 3.750 
7-Aug 232.432 0.042 0.001 0.055 3.283 
8-Aug 232.434 0.041 0.001 0.054 3.029 
9-Aug 232.435 0.041 0.001 0.054 2.779 
10-Aug 232.438 0.041 0.001 0.056 2.548 
11-Aug 232.434 0.041 0.024 0.123 2.343 
12-Aug 232.416 0.041 0.012 0.081 2.132 
13-Aug 232.416 0.041 0.002 0.059 1.888 
14-Aug 232.417 0.041 0.003 0.059 1.825 
15-Aug 232.418 0.041 0.015 0.101 1.635 
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Table А1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m а.в.!.) (m/s) (m/s) (m/s) (m/s) 
16-Aug 232.400 0.040 0.030 0.155 1.535 
17-Aug 232.392 0.041 0.008 0.088 1.349 
18-Aug 232.393 0.041 0.003 0.078 1.196 
19-Aug 232.394 0.041 0.001 0.076 1.084 
20-Aug 232.397 0.041 0.001 0.076 0.989 
21-Aug 232.402 0.047 0.001 0.077 0.927 
22-Aug 232.406 0.045 0.002 0.077 0.866 
23-Aug 232.415 0.047 0.003 0.082 0.878 
24-Aug 232.422 0.048 0.004 0.082 0.935 
25-Aug 232.422 0.046 0.004 0.080 0.939 
26-Aug 232.424 0.047 0.004 0.080 0.917 
27-Aug 232.427 0.048 0.004 0.080 0.863 
28-Aug 232.430 0.048 0.005 0.083 0.809 
29-Aug 232.435 0.048 0.003 0.080 0.872 
30-Aug 232.446 0.052 0.005 0.095 0.991 
31-Aug 232.468 0.053 0.010 0.098 1.292 
1-Sep 232.474 0.051 0.007 0.089 1.493 
2-Sep 232.481 0.053 0.005 0.084 1.422 
3-Sep 232.491 0.047 0.005 0.083 1.302 
4-Sep 232.495 0.046 0.004 0.081 1.242 
5-Sep 232.497 0.048 0.004 0.081 1.214 
6-Sep 232.502 0.046 0.005 0.080 1.186 
7-Sep 232.495 0.046 0.038 0.192 1.166 
8-Sep 232.468 0.049 0.041 0.203 1.150 
9-Sep 232.462 0.050 0.038 0.189 1.457 
10-Sep 232.448 0.048 0.026 0.140 1.893 
11-Sep 232.447 0.048 0.010 0.094 2.142 
12-Sep 232.451 0.049 0.011 0.095 2.223 
13-Sep 232.454 0.049 0.006 0.085 2.406 
14-Sep 232.459 0.049 0.007 0.085 2.563 
15-Sep 232.462 0.049 0.007 0.086 2.617 
16-Sep 232.464 0.050 0.016 0.109 2.718 
17-Sep 232.453 0.050 0.027 0.137 2.792 
18-Sep 232.450 0.050 0.007 0.085 2.858 
19-Sep 232.455 0.050 0.006 0.080 2.882 
20-Sep 232.459 0.049 0.007 0.081 2.886 
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Table А1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 

Date Level Discharge Discharge Discharge Fort McKay Discharge 

(m a.s.l.) (m/s) (m?/s) (m?/s) (m?/s) 
21-Sep 232.462 0.049 0.007 0.081 2.776 
22-Sep 232.465 0.049 0.007 0.079 2.728 
23-Sep 232.469 0.049 0.007 0.081 2.696 
24-Sep 232473 0.049 0.007 0.082 2.638 
25-Sep 232.477 0.049 0.008 0.083 - 
26-Sep 232.477 0.049 0.027 0.146 - 
27-Sep 232.450 0.048 0.042 0.189 - 
28-Sep 232.433 0.048 0.030 0.144 - 
29-Sep 232.422 0.048 0.025 0.126 - 
30-Sep 232.416 0.047 0.021 0.115 - 
1-Oct 232.412 0.047 0.019 0.110 - 
2-Oct 232.409 0.047 0.018 0.106 - 
3-Oct 232.407 0.047 0.017 0.105 - 
4-Oct 232.406 0.046 0.017 0.103 - 
5-Oct 232.407 0.046 0.017 0.102 - 
6-Oct 232.406 0.045 0.016 0.098 - 
7-Oct 232.406 0.045 0.016 0.098 - 
8-Oct 232.405 0.044 0.016 0.094 - 
9-Oct 232.405 0.044 0.016 0.093 - 
10-Oct 232.405 0.043 0.016 0.092 - 
11-Oct 232.406 0.043 0.016 0.093 - 
12-Oct 232.406 0.043 0.017 0.095 - 
13-Oct 232.406 0.043 0.017 0.094 - 
14-Oct 232.406 0.042 0.017 0.094 - 
15-Oct 232.407 0.043 0.017 0.097 - 
16-Oct 232.407 0.042 0.025 0.116 - 
17-Oct - 0.042 0.030 0.130 - 
18-Oct - 0.042 0.027 0.122 - 
19-Oct - 0.041 0.024 0.114 - 
20-Oct - 0.041 0.023 0.111 - 
21-Oct - 0.041 0.022 0.108 - 
22-Oct - 0.040 0.021 0.105 - 
23-Oct - 0.040 0.020 0.104 - 
24-Oct - 0.039 0.020 0.103 - 
25-Oct - 0.039 0.019 0.102 - 
26-Oct - 0.039 0.019 0.103 - 
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Table A1.1 (Cont'd.) 


NNLL Lake Creek A Outlet Channel 07DA008 – Muskeg River Near 
Date Level Discharge Discharge Discharge Fort McKay Discharge 
(m a.s.l.) (m?/s) (m/s) (m/s) (m?/s) 
27-Oct - 0.038 0.019 0.103 - 
28-Oct - 0.039 0.018 0.102 - 
29-Oct - 0.039 0.018 0.103 - 
30-Oct - 0.039 0.018 0.102 - 
31-Oct - 0.039 0.018 0.099 - 
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Table A1.2 


Day 


1-Nov 
2-Nov 
3-Nov 
4-Nov 
5-Nov 
6-Nov 
7-Nov 
8-Nov 
9-Nov 
10-Nov 
11-Nov 
12-Nov 
13-Nov 
14-Nov 
15-Nov 
16-Nov 
17-Nov 
18-Nov 
19-Nov 
20-Nov 
21-Nov 
22-Nov 
23-Nov 
24-Nov 
25-Nov 
26-Nov 
27-Nov 
28-Nov 
29-Nov 
30-Nov 
1-Dec 
2-Dec 
3-Dec 
4-Dec 


NNLL Daily Water Balance Data for the 2018 WY. 


Lake Precipitation у Stream Stream А 
Storage (NNLL ps Inflow Outflow jon 
Change Climate) (CreekA) (Outlet) 
m?/day m?lday m°/day m?/day m?/day m?/day 

-2915 0 -8 4147 6134 -935 

-1841 0 -8 4147 4234 -1762 

-1227 0 -8 4147 3197 -2186 

-767 0 -8 4147 2592 -2330 

-307 0 -8 4147 2246 -2216 

-460 0 -8 4147 1987 -2628 

-307 0 -8 4147 1814 -2648 

-153 0 -8 4147 1642 -2667 

-307 0 -8 4234 1555 -2993 

0 0 -8 4234 1555 -2686 
-153 0 -8 4234 1555 -2840 
0 0 -8 4234 1469 -2773 
0 0 -8 4234 1469 -2773 
0 0 -8 4234 1469 -2773 
-153 261 -8 4147 1382 -3187 
460 46 -8 4147 1469 -2272 
0 0 -8 4147 1469 -2686 

-153 0 -8 4061 1469 -2753 

-153 408 -8 4147 1469 -3248 

1074 46 -8 4147 1814 -1313 

-460 0 -8 4147 1642 -2974 

-153 808 -8 4147 1555 -3562 

0 433 -8 4147 1642 -2946 
153 0 -8 4147 1555 -2447 
-153 8 -8 4147 1469 -2848 
409 140 -8 4147 1469 -2417 
409 1258 -8 4147 1987 -3017 

409 3019 -8 4147 2160 -4605 

-307 0 -8 4147 1987 -2475 

-307 1302 -8 4147 1728 -4036 

-307 425 -22 4147 1642 -3260 

-460 0 -22 4147 1469 -3161 

-460 0 -22 4061 1469 -3075 

-256 133 -22 4061 1382 -3090 

Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
A1-12 Hatfield 
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Table A1.2 (Cont'd.) 


Lake Precipitation у Stream Stream А 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (GW) 
m?/day m?/day m3/day т3/4ау m?/day т3/Чау 
5-Dec -256 0 -22 4061 1469 -2870 
6-Оес -256 0 -22 4061 1382 -2956 
7-Dec -153 0 -22 4147 1382 -2941 
8-Dec 0 0 -22 4147 1382 -2787 
9-Оес 0 32 -22 4147 1382 -2819 
10-Оес 460 1796 -22 4061 1555 -3864 
11-Оес 307 0 -22 4147 1642 -2221 
12-Оес -307 0 -22 4061 1642 -2748 
13-Оес -307 0 -22 4061 1555 -2835 
14-Dec -307 0 -22 4147 1555 -2921 
15-Dec 614 963 -22 4147 1728 -2791 
16-Dec 0 95 -22 4147 1728 -2537 
17-Dec -307 850 -22 4147 1728 -3598 
18-Dec -153 0 -22 4147 1728 -2595 
19-Dec -230 0 -22 4147 1642 -2758 
20-Dec -230 0 -22 4127 1642 -2738 
21-Dec -36 8 -22 4107 1642 -2531 
22-Dec -36 0 -22 4087 1642 -2504 
23-Dec -36 0 -22 4067 1728 -2398 
24-Dec -36 0 -22 4048 1642 -2464 
25-Dec -36 0 -22 4028 1642 -2444 
26-Dec -36 0 -22 4008 1642 -2424 
27-Dec -36 0 -22 3988 1642 -2404 
28-Dec -36 0 -22 3968 1642 -2384 
29-Dec -36 0 -22 3948 1642 -2364 
30-Dec -36 0 -22 3928 1642 -2344 
31-Dec -36 0 -22 3908 1728 -2238 
1-Jan -36 0 -1 3888 1728 -2197 
2-Jan -36 0 -1 3974 1728 -2283 
3-Jan -36 0 -1 4061 1728 -2370 
4-Jan -36 0 -1 3974 1814 -2197 
5-Jan -36 0 -1 3974 1814 -2197 
6-Jan -36 8 -1 3974 1901 -2118 
7-Jan -36 0 -1 3974 1901 -2110 
Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 — Surface Water Hydrology Data A1-13 Hatfield 


000854 


Table А1.2 (Cont'd.) 


Lake Precipitation Evaporation Stream Stream Residual 
Storage (NNLL Inflow Outflow 
Day Change Climate) (Merton) (CreekA) (Outlet) (ew) 
m/day m/day m?/day m?/day m?/day m?/day 
8-Jan -36 0 -1 3974 1901 -2110 
9-Jan -36 84 -1 3888 1987 -2022 
10-Jan -36 0 -1 3974 1987 -2024 
11-Jan -36 0 -1 3974 1987 -2024 
12-Jan -36 0 -1 3888 1987 -1938 
13-Jan -36 9 -1 3888 1987 -1947 
14-Jan -36 0 -1 3888 1987 -1938 
15-Јап -36 0 -1 3974 1987 -2024 
16-дап -36 0 -1 3888 2074 -1851 
17-дап -36 0 -1 3888 2074 -1851 
18-)ап -36 17 -1 3888 2160 -1782 
19-Jan -36 61 -1 3888 2246 -1740 
20-Јап -36 17 -1 3974 2333 -1695 
21-Jan -36 0 -1 3888 2333 -1592 
22-Јап -36 156 -1 4061 2419 -1835 
23-Јап -36 784 -1 3888 2419 -2289 
24-Јап -36 485 -1 3888 2419 -1990 
25-Jan -36 0 -1 3802 2419 -1419 
26-Јап -36 0 -1 3888 2419 -1506 
27-Јап -36 0 -1 3802 2419 -1419 
28-Јап -36 0 -1 3802 2419 -1419 
29-Jan -36 48 -1 3888 2419 -1553 
30-Jan -36 32 -1 3802 2506 -1365 
31-Jan -36 0 -1 3802 2506 -1333 
1-Feb -36 0 -2 3888 2506 -1420 
2-Feb -153 0 -2 3974 2506 -1624 
3-Feb 0 0 -2 3974 2506 -1471 
4-Feb -153 0 -2 3974 2506 -1624 
5-Feb 0 0 -2 3974 2592 -1385 
6-Feb 0 0 -2 3974 2592 -1385 
7-Feb 0 0 -2 4061 2592 -1471 
8-Feb -153 0 -2 4061 2592 -1624 
9-Feb 153 0 -2 4061 2678 -1231 
10-Feb 153 0 -2 4061 2678 -1231 
Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 — Surface Water Hydrology Data A1-14 Hatfield 
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Table А1.2 (Cont'd.) 


Lake Precipitation . Stream Stream : 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (Gw) 
| m/day m?/day т3/дау m?/day m3/day m?/day 
11-Feb 0 0 -2 4061 2678 -1385 
12-Feb 153 0 -2 3888 2592 -1145 
13-Feb 153 0 -2 3888 2592 -1145 
14-Feb 153 0 -2 3888 2678 -1058 
15-Feb 0 0 -2 3888 2678 -1212 
16-Feb 153 0 -2 3974 2678 -1145 
17-Feb -153 0 -2 3974 2592 -1538 
18-Feb 153 0 -2 3974 2592 -1231 
19-Feb 0 0 -2 3974 2592 -1385 
20-Feb 0 0 -2 3974 2592 -1385 
21-Feb 0 91 -2 3974 2678 -1389 
22-Feb 153 0 -2 3974 2506 -1318 
23-Feb 153 43 -2 4061 2592 -2997 
24-Feb 460 0 -2 4147 2592 -4370 
25-Feb 920 0 -2 4234 2592 -3997 
26-Feb 0 0 -2 4234 2506 -3367 
27-Feb 307 0 -2 4234 2506 -3878 
28-Feb 153 0 -2 4234 2506 -3213 
1-Mar -307 0 30 4147 2419 -2005 
2-Mar -614 0 30 4234 2419 -2398 
3-Mar -307 0 30 4234 2419 -2091 
4-Mar 0 0 30 4234 2333 -1871 
5-Маг -153 385 30 4320 2333 -2496 
6-Маг 307 31 30 4406 2333 -1767 
7-Маг -153 0 30 4406 2246 -2283 
8-Маг -153 0 30 4406 2160 -2370 
9-Маг 0 0 30 4493 2160 -2303 
10-Маг -153 0 30 4493 2074 -2542 
11-Маг 0 0 30 4579 2074 -2475 
12-Маг 0 0 30 4579 2074 -2475 
13-Маг 153 0 30 4579 2074 -2322 
14-Маг 153 0 30 4493 2074 -3872 
15-Маг 614 0 30 4406 2246 -3153 
16-Маг 614 0 30 4406 2333 -4703 
Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 – Surface Water Hydrology Data A1-15 Hatfield 


000856 


Table А1.2 (Cont'd.) 


Lake Precipitation у Stream Stream : 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (Gw) 
m?/day т2/дау m°/day m/day m°/day тз/дау 
17-Маг 307 0 30 4493 2419 -1737 
18-Маг -153 0 30 4406 2333 -2197 
19-Маг 0 0 30 4320 2246 -2862 
20-Маг 307 91 30 4406 2419 -1741 
21-Маг -153 0 30 4320 2333 -2110 
22-Маг -307 0 30 4234 2246 -2264 
23-Маг 307 896 30 4147 2246 -2460 
24-Маг 153 57 30 4234 2246 -1860 
25-Маг -153 0 30 4147 2160 -2110 
26-Маг 153 416 30 4147 2160 -2219 
27-Маг -153 0 30 4147 2074 -2197 
28-Маг 0 0 30 4147 2074 -2043 
29-Маг -153 0 30 4061 2074 -2110 
30-Маг 0 0 30 4147 2074 -3680 
31-Маг 460 0 30 4147 2074 -4856 
1-Арг 614 0 296 4234 2074 -4524 
2-Арг 307 0 296 4147 2160 -4658 
3-Арг 153 0 296 4147 2160 -4811 
4-Арг 307 0 296 4061 2160 -4571 
5-Арг 153 0 296 3974 2246 -4552 
6-Арг 153 0 296 3974 2246 -4552 
7-Арг 153 0 296 3974 2160 -4638 
8-Арг -307 0 296 3974 2074 -1912 
9-Арг -307 0 296 3974 2074 -1912 
10-Арг -153 0 296 3888 1987 -1758 
11-Арг 153 0 296 3888 1987 -3088 
12-Apr 153 0 296 3802 1987 -4638 
13-Арг 614 0 296 3802 2074 -4092 
14-Apr 460 0 296 3802 2074 -4245 
15-Apr 767 0 296 3888 2246 -579 
16-Арг 307 187 296 3888 2246 -1226 
17-Арг -153 568 296 3888 2246 -2885 
18-Арг 307 0 296 3802 2333 -4139 
19-Арг 460 0 296 3802 2419 -626 
Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 — Surface Water Hydrology Data A1-16 Hatfield 
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Table A1.2 (Cont'd.) 


Lake Precipitation : Stream Stream : 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (GW) 
m?/day mi/day m?/day m?lday m°/day m?/day 
20-Apr 767 0 296 3715 2678 -2429 
21-Арг 767 0 296 3715 2851 -3074 
22-Арг 920 74 296 3629 3024 -2735 
23-Арг 307 0 296 3542 3024 84 
24-Арг -153 0 296 3542 2765 -635 
25-Арг -307 0 296 3456 2592 -875 
26-Арг -460 0 296 3370 2333 -1201 
27-Арг -307 0 296 3370 2160 -1220 
28-Арг -153 0 296 3370 1987 -1240 
29-Арг -153 44 296 3283 1901 -1284 
30-Арг -153 0 296 3283 1642 -1499 
1-Мау 307 0 645 3283 1469 -863 
2-Мау 767 0 645 3197 432 -1353 
3-Мау 1534 0 645 3456 346 -931 
4-Мау 1534 0 645 3542 346 -1018 
5-Мау 1534 0 645 3542 259 -1104 
6-Мау 1534 0 645 3629 259 -1191 
7-Мау 1381 0 645 3542 259 -1258 
8-Мау 1381 0 645 3456 259 -1171 
9-Мау 920 0 645 3456 259 -1631 
10-Мау 1227 0 645 3370 259 -1238 
11-Мау 1074 0 645 3456 346 -1392 
12-Мау 1074 0 645 3542 346 -1478 
13-Мау 767 51 645 3629 346 -1922 
14-Мау 1074 0 645 3629 259 -1651 
15-Мау 1074 0 645 3629 259 -1651 
16-Мау 614 106 645 3629 346 -2131 
17-Мау 614 51 645 3629 346 -2075 
18-Мау 767 0 645 3629 346 -1871 
19-Мау 767 0 645 3629 259 -1958 
20-Мау 614 52 645 3629 346 -2077 
21-Мау 767 0 645 3629 346 -1871 
22-Мау 767 0 645 3629 259 -1958 
23-Мау 460 0 645 3629 259 -2264 
Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 — Surface Water Hydrology Data A1-17 Hatfield 


000858 


Table A1.2 (Cont'd.) 


Day 


24-May 
25-May 
26-May 
27-May 
28-May 
29-May 
30-May 
31-May 
1-Jun 
2-Jun 
3-Jun 
4-Jun 
5-Jun 
6-Jun 
7-Jun 
8-Jun 
9-Jun 
10-Jun 
11-Jun 
12-Jun 
13-Jun 
14-Jun 
15-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-Jun 
24-Jun 
25-Jun 
26-Jun 


Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 


Appendix A1 – Surface Water Hydrology Data 


Lake Precipitation 
Storage (NNLL 
Change Climate) 
m?/day m?/day 

767 0 
767 235 
920 413 
307 0 

-1227 0 

-7363 0 

-767 0 
614 0 
307 37 
614 0 
-307 38 

-3835 1008 

614 195 
460 265 
1074 
614 

-460 

-5522 262 

-1687 199 

1687 1733 

2454 943 

2148 0 

1074 74 

-614 0 

-3988 0 

460 0 
614 0 
767 0 
614 0 
460 0 
614 2086 

-460 0 

460 1598 

1687 259 


Evaporation 
(Morton) 


m?/day 


645 
645 
645 
645 
645 
645 
645 
645 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 
739 


А1-18 


Stream 
Inflow 
(CreekA) 


m?/day 


3629 
3629 
3629 
3629 
3629 
3629 
3629 
3629 
3715 
3629 
3629 
3715 
3888 
3715 
3715 
3802 
3888 
3974 
4061 
4147 
4147 
4147 
4061 
3974 
3888 
3888 
3888 
3888 
3888 
3888 
3974 
3888 
3888 
3974 


Stream 
Outflow 
(Outlet) 


т3/Чау 


259 
259 
259 
259 
3974 
3024 
346 
173 
86 
86 
3024 
1901 
1037 
259 
173 
86 
3197 
4406 
950 
346 
173 
86 
86 
3802 
1728 
173 
86 
86 
86 
86 
2074 
1210 
259 
86 


Residual 


(GW) 


m?/day 


-1958 
-2192 
-2217 
-2418 
-237 
-7323 
-3405 
-2197 
-2620 
-2189 
-211 
-5918 
-1693 
-2522 
-1729 
-2362 
-412 
-4613 
-4258 
-3108 
-1724 
-1174 
-2235 
-47 
-5409 
-2516 
-2449 
-2295 
-2449 
-2602 
-2634 
-2399 
-4028 
-1721 


Натеја 
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Table А1.2 (Cont'd.) 


Lake Precipitation у Stream Stream р 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (GW) 
m?/day m?/day m/day m?/day m?/day m?lday 

27-Jun 1841 2419 739 4061 346 -3554 
28-Jun 1534 2155 739 4320 4320 118 

29-Jun -1227 647 739 4234 1901 -3468 
30-Jun 1687 488 739 4061 259 -1863 
1-Jul 1381 0 745 3974 86 -1763 
2-Jul 1074 675 745 3974 86 -2744 
3-Jul 1687 1743 745 3974 173 -3112 
4-Jul 1994 0 745 3974 173 -1063 
5-Jul 767 0 745 3888 86 -2290 
6-Ји! 614 0 745 3802 86 -2357 
7-Jul 460 471 745 3802 86 -2981 
8-Jul 614 0 745 3802 86 -2357 
9-Jul 307 0 745 3802 86 -2664 
10-Ји! -460 0 745 3715 3110 -320 

11-Jul -6289 0 745 3715 3456 -5804 
12-Ји! -1074 0 745 3715 432 -3612 
13-Jul 307 0 745 3715 173 -2491 
14-Jul -1074 0 745 3715 3370 -675 

15-Jul -5676 0 745 3629 4234 -4326 
16-Jul -1841 0 745 3629 518 -4206 
17-Jul 460 0 745 3629 86 -2337 
18-Jul 153 0 745 3629 86 -2644 
19-Jul 307 0 745 3629 86 -2491 
20-Jul 153 0 745 3629 86 -2644 
21-Jul 2915 6263 745 4234 173 -6665 
22-Jul 6596 2915 745 3974 778 1230 
23-Jul 1841 773 745 3974 3370 1208 
24-Jul -6289 123 745 3888 5962 -3594 
25-Jul -2301 0 745 3802 605 -4753 
26-Jul 767 0 745 3715 259 -1944 
27-Jul 767 0 745 3715 173 -2031 
28-Jul -614 0 745 3715 3197 -387 

29-Jui -3375 0 745 3715 2074 -4272 
30-Ји! -460 49 745 3629 173 -3220 

Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 – Surface Water Hydrology Data A1-19 Hatfield 
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Table A1.2 (Cont'd.) 


Lake Precipitation 5 Stream Stream А 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (Gw) 
m?/day m?/day m?/day тз/Чау m?/day m?/day 

31-Jul 307 0 745 3629 86 -2491 
1-Aug 460 0 520 3629 86 -2562 
2-Аид 460 0 520 3629 86 -2562 
3-Aug 460 480 520 3629 86 -3042 
4-Aug 0 0 520 3629 1901 -1208 
5-Aug -2454 0 520 3629 1210 -4353 
6-Aug 153 0 520 3629 259 -2696 
7-Aug 460 0 520 3629 86 -2562 
8-Aug 307 0 520 3542 86 -2629 
9-Aug 153 0 520 3542 86 -2782 
10-Aug 460 0 520 3542 86 -2476 
11-Aug -614 57 520 3542 2074 -1619 
12-Aug -2761 0 520 3542 1037 -4747 
13-Aug 0 0 520 3542 173 -2849 
14-Aug 153 0 520 3542 259 -2610 
15-Aug 153 0 520 3542 1296 -1573 
16-Aug -2761 0 520 3456 2592 -3105 
17-Aug -1227 0 520 3542 691 -3558 
18-Aug 153 0 520 3542 259 -2610 
19-Aug 153 259 520 3542 86 -3042 
20-Aug 460 0 520 3542 86 -2476 
21-Aug 767 0 520 4061 86 -2687 
22-Aug 614 0 520 3888 173 -2581 
23-Aug 1381 1505 520 4061 259 -3406 
24-Aug 1074 462 520 4147 346 -2669 
25-Aug 0 0 520 3974 346 -3109 
26-Aug 307 0 520 4061 346 -2888 
27-Aug 460 0 520 4147 346 -2821 
28-Aug 460 0 520 4147 432 -2735 
29-Aug 767 75 520 4147 259 -2676 
30-Aug 1687 3088 520 4493 432 -4941 
31-Aug 3375 0 520 4579 864 180 

1-Sep 920 0 213 4406 605 -2668 
2-Sep 1074 0 213 4579 432 -2860 

Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 – Surface Water Hydrology Data A1-20 Hatfield 
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Table A1.2 (Cont'd.) 


Lake Precipitation | Stream Stream : 
Storage (NNLL Evaporation Inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (GW) 
m?/day m?/day m?/day m?/day m/day mé/day 
3-Sep 1534 609 213 4061 432 -2491 
4-Sep 614 0 213 3974 346 -2802 
5-Sep 307 0 213 4147 346 -3282 
6-Sep 767 0 213 3974 432 -2562 
7-Sep -1074 0 213 3974 3283 -1552 
8-Sep -4142 2611 213 4234 3542 -7231 
9-Sep -920 166 213 4320 3283 -1910 
10-Sep -2148 0 213 4147 2246 -3835 
11-Sep -153 364 213 4147 864 -3587 
12-Sep 614 0 213 4234 950 -2456 
13-Sep 460 0 213 4234 518 -3042 
14-Sep 767 135 213 4234 605 -2784 
15-Sep 460 64 213 4234 605 -3020 
16-Sep 307 213 4320 1382 -2418 
17-Sep -1687 213 4320 2333 -3461 
18-Sep -460 213 4320 605 -3962 
19-Sep 767 130 213 4320 518 -2952 
20-Sep 614 0 213 4234 605 -2802 
21-Sep 460 58 213 4234 605 -3014 
22-Sep 460 0 213 4234 605 -2955 
23-5ер 614 0 213 4234 605 -2802 
24-Sep 614 0 213 4234 605 -2802 
25-Sep 614 0 213 4234 691 -2716 
26-Зер 0 0 213 4234 2333 -1688 
27-Sep -4142 0 213 4147 3629 -4447 
28-Sep -2608 0 213 4147 2592 -3950 
29-Sep -1687 48 213 4147 2160 -3509 
30-Sep -920 0 213 4061 1814 -2954 
1-Oct -614 65 4061 1642 -2967 
2-Oct -460 65 4061 1555 -2900 
3-Oct -307 65 4061 1469 -2833 
4-Oct -153 167 65 3974 1469 -2761 
5-Oct 153 65 3974 1469 -2287 
6-Oct -153 65 3888 1382 -2594 
Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
Appendix A1 — Surface Water Hydrology Data A1-21 Hatfield 
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Table A1.2 (Cont'd.) 


Lake Precipitation А Stream Stream Р 
Storage (NNLL Evaporation inflow Outflow Residual 
Day Change Climate) (Morton) (CreekA) (Outlet) (Gw) 
m?/day m?/day m?/day m/day m?/day m?/day 

7-Oct 0 0 65 3888 1382 -2440 
8-Oct -153 0 65 3802 1382 -2507 
9-Oct 0 0 65 3802 1382 -2354 
10-Oct 0 0 65 3715 1382 -2267 
11-Oct 153 0 65 3715 1382 -2114 
12-Oct 0 0 65 3715 1469 -2181 
13-Oct 0 0 65 3715 1469 -2181 
14-Oct 0 0 65 3629 1469 -2095 
15-Oct 153 0 65 3715 1469 -2028 
16-Oct 0 0 65 3629 2160 -1403 
17-Oct 0 0 65 3629 2592 -971 
18-Oct 0 0 65 3629 2333 -1231 
19-Oct 0 0 65 3542 2074 -1403 
20-Oct 0 0 65 3542 1987 -1490 
21-Oct 0 0 65 3542 1901 -1576 
22-Oct 0 0 65 3456 1814 -1576 
23-Oct 0 0 65 3456 1728 -1663 
24-Oct 0 0 65 3370 1728 -1576 
25-Oct 0 0 65 3370 1642 -1663 
26-Oct 0 58 65 3370 1642 -1721 
27-Oct 0 0 65 3283 1642 -1576 
28-Oct 0 0 65 3370 1555 -1749 
29-Oct 0 0 65 3370 1555 -1749 
30-Oct 0 0 65 3370 1555 -1749 
31-Oct 0 0 65 3370 1555 -1749 

Note: Red values indicate interpolated data points for the purpose of calculating the water balance. 
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Table А2.1 


Mean daily water quality data collected in the Мо Net 1.055 Lake, May 11 to 


Oct 15, 2018. 
, Spec Dissolved Turbidy Chlorophyll A 

Date Temp (°С) Fe pH Oxygen (mg/L) (FNU) (ugiL) 
11-May-18 11.6 307.57 7.86 10.63 1.53 2.54 
12-May-18 11.9 308.33 7.89 10.7 1.47 3.08 
13-May-18 12.1 309.11 7.94 10.69 1.39 3.49 
14-May-18 12.1 309.28 7.98 10.75 1.38 3.62 
15-May-18 12.4 309.34 8.01 10.87 1.26 3.37 
16-May-18 12.4 309.81 8.04 10.84 1.21 3.23 
17-May-18 12.9 309.49 8.07 10.93 1.21 3.36 
18-May-18 13.6 310.07 8.1 11.01 1.19 2.96 
19-May-18 14.4 310.05 8.12 11.05 1.14 2.81 
20-May-18 15.4 310.21 8.15 10.98 1.07 2.72 
21-May-18 16.7 310.57 8.16 10.88 0.98 2.69 
22-May-18 17.7 310.79 8.18 10.67 0.92 2.42 
23-May-18 18.8 311.02 8.19 10.53 0.82 2.19 
24-May-18 20.2 311.08 82 10.39 0.69 2.22 
25-May-18 20.6 310.8 8.21 10.11 0.69 2.87 
26-May-18 19.9 309.86 8.21 10.02 0.71 3.03 

27-May-18 19 309.44 8.22 10.07 0.72 2.5 
28-May-18 19 308.63 8.24 10.11 0.67 2.58 
29-May-18 17.9 307.56 8.24 10.15 0.65 2.75 
30-May-18 17.1 307.06 8.23 10.19 0.63 2.97 
31-May-18 17 306.51 8.25 10.41 0.61 2.32 
1-Jun-18 16.9 305.44 8.26 10.58 0.57 2.56 
2-Jun-18 16.6 304.62 8.27 10.59 0.6 2.82 
3-Jun-18 16.3 303.77 8.27 10.74 0.56 2.61 

4-Jun-18 15.4 303.15 8.27 10.81 0.59 2.9 
5-Jun-18 14.7 302.24 8.28 10.78 0.6 2.71 
6-Jun-18 14.7 301.5 8.29 10.97 0.59 2.09 
7-Jun-18 15.5 299.83 8.29 10.97 0.72 1.82 
8-Jun-18 17 297.01 8.33 10.85 0.73 2.24 

9-Jun-18 17.8 295.81 8.35 11.03 0.69 2.5 
10-Jun-18 18.1 295.48 8.36 10.64 0.67 1.76 
11-Jun-18 17.2 295.18 8.38 10.31 0.71 1.52 
12-Jun-18 16.5 293.56 8.39 10.37 0.72 1.58 
13-Jun-18 16 292.33 8.39 10.5 0.74 1.58 
14-Jun-18 15.6 290.69 8.4 10.71 0.74 2.09 
15-Jun-18 16.2 288.94 8.42 11.24 0.71 2.52 
16-Jun-18 17.6 287.49 8.44 11.58 0.68 2.97 
17-Jun-18 18.3 285.63 8.45 11.56 0.66 3.15 
18-Jun-18 19.2 284.29 8.46 11.52 0.64 3.04 
19-Jun-18 20.2 282.85 8.47 11.31 0.62 2.93 
20-Jun-18 21.1 281.21 8.47 11.27 0.59 3.08 
21-Jun-18 22.3 279.85 8.47 11.07 0.57 3.13 
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Table А21 (Соп д.) 
: Specific Dissolved Turbidy Chlorophyll A 
Date Temp (°C) а рн Oxygen (mg/L) (FNU) (ug/L) 
22-Jun-18 22.40 278.06 8.48 11.06 0.56 3.09 
23-Jun-18 22.70 275.46 8.49 10.90 0.57 3.19 
24-Jun-18 22.90 272.01 8.48 10.58 0.57 3.14 
25-Jun-18 23.20 268.74 8.50 10.84 0.59 3.09 
26-Jun-18 22.30 267.92 8.49 10.38 0.63 2.55 
27-Jun-18 20.70 265.43 8.47 10.38 0.65 1.37 
28-Jun-18 19.90 262.72 8.46 10.54 0.64 2.08 
29-Jun-18 19.90 260.71 8.46 10.65 0.63 2.24 
30-Jun-18 20.20 258.03 8.48 11.18 0.59 2.46 
41-Jul-18 20.70 256.45 8.49 11.36 0.56 2.61 
2-Jul-18 20.40 252.93 8.49 11.46 0.57 1.68 
3-Jul-18 20.00 250.78 8.48 11.19 0.61 1.52 
4-Jul-18 20.20 249.78 8.50 11.39 0.60 2.48 
5-Jul-18 20.60 249.96 8.54 11.65 0.60 2.35 
6-Jul-18 21.20 248.18 8.54 11.24 0.59 2.64 
7-Jul-18 20.70 245.49 8.53 10.69 0.64 1.90 
8-Jul-18 19.70 245.59 8.54 11.09 0.67 1.98 
9-Jul-18 20.00 245.77 8.55 11.42 0.63 2.58 
10-Jul-18 20.70 243.95 8.57 11.44 0.62 2.55 
11-Jul-18 21.40 241.77 8.59 1144 0.60 2.91 
12-Jul-18 21.70 240.83 8.57 11.06 0.51 3.24 
13-Jul-18 21.40 240.36 8.59 11.28 0.56 2.39 
14-Jul-18 20.60 239.00 8.61 11.45 0.62 1.44 
15-Jul-18 20.20 239.18 8.60 11.75 0.59 2.13 
16-Jul-18 20.50 237.06 8.61 11.85 0.58 2.50 
17-Jul-18 21.30 233.60 8.66 12.20 0.54 2.44 
18-Jul-18 21.50 231.08 8.68 12.30 0.51 2.44 
19-Jul-18 21.30 229.09 8.64 12.30 0.73 1.54 
20-Jul-18 21.30 227.59 8.64 12.13 0.50 1.65 
21-Jul-18 21.20 225.00 8.63 11.69 0.45 1.89 
22-Jul-18 20.00 226.41 8.55 10.94 0.49 2.31 
23-Jul-18 19.00 229.97 8.49 10.44 0.57 2.63 
24-Jul-18 18.50 229.88 8.47 10.37 0.53 2.41 
25-Jul-18 19.00 187.59 8.53 10.88 0.25 1.90 
26-Jul-18 19.90 226.39 8.59 11.44 0.13 1.55 
27-Jul-18 20.90 224.63 8.64 11.73 0.13 1.53 
28-Jul-18 21.60 215.00 8.68 11.74 0.09 1.58 
29-Jul-18 21.80 171.19 8.69 11.62 0.08 1.64 
30-Jul-18 21.70 214.76 8.70 11.53 0.08 1.68 
31-Jul-18 21.60 213.16 8.71 11.48 0.11 1.65 
1-Aug-18 22.00 211.61 8.74 11.76 0.10 1.41 
2-Aug-18 22.50 208.05 8.77 12.04 0.09 1.46 
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Table А21  (Cont'd.) 
А Specie Dissolved Turbidy  Chlorophyll A 

Date Temp (°С) а рн Oxygen (mg/L) (FNU) (ug/L) 
3-Aug-18 22.70 207.97 8.79 11.79 0.12 1.74 
4-Aug-18 21.80 210.05 8.76 11.27 0.12 1.89 
5-Aug-18 21.50 209.07 8.78 11.42 0.13 1.67 
6-Aug-18 21.80 209.94 8.78 11.33 0.11 1.58 
7-Aug-18 21.90 207.99 8.79 11.47 0.12 1.90 
8-Aug-18 22.40 206.95 8.82 11.62 0.14 1.90 
9-Аид-18 22.60 205.19 8.83 11.43 0.13 1.99 
10-Aug-18 22.40 206.69 8.82 11.11 0.15 2.58 
11-Aug-18 21.80 207.00 8.80 11.25 0.25 2.77 
12-Aug-18 21.10 206.30 8.80 11.50 0.24 2.90 
13-Aug-18 20.40 205.78 8.80 11.67 0.37 3.71 
14-Aug-18 20.00 208.29 8.78 11.03 0.61 4.31 
15-Aug-18 20.10 209.13 8.74 11.16 0.16 3.69 
16-Aug-18 19.90 209.71 8.74 11.21 0.12 3.39 
17-Aug-18 20.40 208.93 8.78 11.53 0.11 3.31 
18-Aug-18 20.00 208.63 8.78 11.43 0.13 3.00 
19-Aug-18 19.70 209.42 8.76 11.27 0.12 3.10 
20-Aug-18 19.60 209.53 8.77 11.39 0.15 2.93 
21-Aug-18 19.50 209.69 8.78 11.37 0.10 2.77 
22-Aug-18 19.10 210.89 8.74 10.92 0.11 2.09 
23-Aug-18 17.90 214.03 8.64 10.29 0.19 1.76 
24-Aug-18 17.10 217.24 . 8.55 9.86 0.27 1.43 
25-Aug-18 16.30 217.97 8.50 9.63 0.35 1.61 
26-Aug-18 15.80 218.90 8.49 9.75 0.35 1.38 
27-Aug-18 15.40 218.94 8.49 9.92 0.37 1.88 
28-Aug-18 15.20 219.11 8.50 10.07 0.35 1.66 
29-Aug-18 14.80 219.86 8.47 10.04 0.33 1.17 
30-Aug-18 14.60 220.23 8.45 9.95 0.36 0.80 
31-Aug-18 14.60 220.94 8.41 9.77 0.35 1.60 
1-Sep-18 14.50 221.63 8.42 9.95 0.32 2.47 
2-Sep-18 14.40 222.95 8.41 10.07 0.30 1.52 
3-Sep-18 14.00 223.62 8.40 10.26 0.32 1.03 
4-Sep-18 13.30 225.47 8.38 10.26 0.36 1.43 
5-Sep-18 13.10 226.88 8.40 10.60 0.34 1.30 
6-Sep-18 12.80 227.09 8.40 10.71 0.34 1.41 
7-Sep-18 12.70 227.45 8.39 10.76 0.35 1.53 
8-Sep-18 12.50 227.53 8.38 10.85 0.38 0.67 
9-Sep-18 12.00 228.62 8.29 10.46 0.43 0.72 
10-Sep-18 11.60 230.20 8.31 10.62 0.44 0.70 
11-Sep-18 11.20 230.75 8.31 10.78 0.42 0.71 
12-Sep-18 10.40 231.76 8.31 10.82 0.46 0.52 
13-Sep-18 10.10 232.29 8.33 11.06 0.45 0.82 
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Table А2.1 


(Cont'd.) 


ER PE mm 


Specific А ; 
AEN RENE NN 
———— MS (1: | сва аннан а 
14-Sep-18 9.70 233.40 8.34 11.25 0.44 0.80 
15-Sep-18 9.70 234.59 8.34 11.40 0.45 1.46 
16-Sep-18 9.40 234.60 8.35 11.48 0.42 1.86 
17-Sep-18 9.30 234.73 8.36 11.66 0.44 1.40 
18-Sep-18 9.20 235.62 8.37 11.82 0.43 1.18 
19-Sep-18 9.30 236.47 8.36 11.84 0.44 1.48 
20-Sep-18 9.00 237.40 8.34 11.83 0.40 1.98 
21-Sep-18 8.80 238.09 8.35 11.96 0.41 2.01 
22-Sep-18 8.30 238.37 8.35 12.08 0.40 1.96 
23-Sep-18 7.90 239.44 8.35 12.13 0.39 2.28 
24-Sep-18 7.70 240.10 8.35 12.14 0.40 2.22 
25-Sep-18 7.50 240.00 8.35 12.12 0.39 2.25 
26-Sep-18 7.60 240.37 8.33 12.07 0.39 2.34 
27-Sep-18 7.20 241.02 8.32 12.02 0.42 2.31 
28-Sep-18 6.90 242.26 8.32 12.12 0.42 2.13 
29-Sep-18 6.50 242.46 8.32 12.17 0.42 2.22 
30-Sep-18 6.20 243.16 8.32 12.27 0.42 2.26 
14-Oct-18 5.90 244.28 8.33 12.39 0.40 2.37 
2-Oct-18 5.40 245.02 8.32 12.39 0.40 2.30 
3-Oct-18 5.00 245.09 8.33 12.44 0.42 2.35 
4-Oct-18 4.60 245.58 8.35 12.63 0.41 2.29 
5-Oct-18 4.10 246.21 8.33 12.66 0.42 2.20 
6-Oct-18 3.70 246.19 8.35 12.79 0.42 2.40 
7-Oct-18 3.50 246.70 8.36 12.94 0.41 2.26 
8-Oct-18 3.40 247.23 8.36 13.04 0.39 2.16 
9-Oct-18 3.70 248.39 8.37 13.19 0.38 2.03 
10-Oct-18 4.00 248.67 8.40 13.54 0.36 1.90 
11-Oct-18 4.10 247.78 8.42 13.74 0.36 2.11 
12-Oct-18 4.20 247.17 8.41 13.63 0.33 2.34 
13-Oct-18 3.90 248.13 8.40 13.59 0.35 2.22 
14-Oct-18 3.80 248.84 8.41 13.75 0.35 2.28 
15-Oct-18 3.70 249.69 8.40 13.70 0.38 2.23 
Page 4 of 4 


000884 


Table A2.2 Mean daily water quality data collected from Creek А (IC-1), May 10 to 
November 21, 2018. 
Date Temp (°С) онон pH Dissolved Oxygen туду (FNU) 
(pS/cm) (mg/L) 
10-May-18 5.5 313.47 8.14 12.31 2.75 
11-May-18 5.2 313.97 8.14 12.47 3.75 
12-May-18 5.6 314.77 8.14 12.27 11.71 
13-May-18 5 311.29 8.15 12.6 4.51 
14-May-18 4.4 314.42 8.15 12.79 0.31 
15-May-18 5.3 314.46 8.17 12.46 2.81 
16-May-18 5.4 314.4 8.19 12.58 2.36 
17-May-18 5.1 314.9 8.19 12.73 4.41 
18-May-18 5.1 315.06 8.18 12.74 3.06 
19-May-18 5.8 314.95 8.2 12.41 6.62 
20-May-18 6.1 315.41 8.2 12.23 3.34 
21-May-18 6.4 316.08 8.2 12.13 1.95 
22-May-18 6.9 316.31 8.21 12.02 1.71 
23-May-18 7.2 317.25 8.2 11.9 1.51 
24-Мау-18 7.3 318.1 8.2 11.82 1.36 
25-Мау-18 7.1 319.87 8.17 11.86 1.35 
26-Мау-18 6.8 318.05 8.22 11.96 1.31 
27-May-18 6.7 316.91 8.24 12.11 111 
28-Мау-18 6.7 316.99 8.24 12.07 3.84 
29-May-18 5.9 316.4 8.26 12.36 1.8 
30-May-18 5.5 316.09 8.26 12.56 0.03 
31-May-18 5.7 315.69 8.27 12.52 9.09 
1-Јип-18 5.4 315.82 8.26 12.62 -0.03 
2-Јип-18 57 314.43 8.25 12.5 0.33 
3-Јип-18 6 310.87 8.29 12.45 0.01 
4-Јип-18 5 306.41 8.29 12.72 0.56 
5-Јип-18 5.2 304.97 8.29 12.61 0.47 
6-Jun-18 5.2 304.9 8.29 12.65 0.65 
7-Jun-18 6 305.9 8.29 12.38 0.66 
8-Jun-18 6.6 308.23 8.26 12.23 0.16 
9-Jun-18 73 308.45 8.25 12.02 -0.1 
10-Jun-18 72 309.18 8.23 11.94 0.8 
11-Jun-18 6.7 309.49 8.23 12.02 0.12 
12-Jun-18 6.2 307.23 8.2 12.26 1.97 
13-Jun-18 5.8 302.4 8.2 12.51 1.05 
14-Јип-18 5.8 300.88 8.19 12.57 0.3 
15-Јип-18 6 301.54 8.18 12.52 1.12 
16-Jun-18 6.7 306.27 8.18 12.37 4.43 
17-Jun-18 7.1 308.09 8.17 12.2 0.25 
18-Jun-18 7.8 309.79 8.17 12 0.39 
19-Jun-18 7.8 310.89 8.15 11.98 0.93 
20-Jun-18 8.4 311.72 8.15 11.78 0.46 
2018 No Net Loss Lake Monitoring Program A2-5 Hatfield 
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Table A2.2 (Cont'd.) 
Date Temp (°C) EUCH pH Dissolved Oxygen тау (ЕМИ) 
(uS/cm) (mg/L) 
21-Jun-18 8.6 312.45 8.15 11.7 -0.06 
22-Jun-18 8.3 312.64 8.15 11.74 -0.12 
23-Jun-18 8.4 313.89 8.11 11.71 1.2 
24-Jun-18 8.8 313.74 8.13 11.61 0.45 
25-Jun-18 8.8 312.81 8.14 11.54 0.79 
26-Jun-18 8.3 311.77 8.15 11.64 0.28 
27-Jun-18 77 310.06 8.15 11.78 1.56 
28-Jun-18 7.8 306.11 8.1 11.79 2.01 
29-Jun-18 8 305.14 8.08 11.79 1.27 
30-Jun-18 7.8 306.25 8.1 11.8 1.44 
1-Jul-18 8 307.39 8.1 11.74 4.66 
2-Jul-18 7.9 307.02 8.13 11.81 1.8 
3-Jul-18 7.9 308.92 8.11 11.9 1.08 
4-Jul-18 7.9 308.95 8.11 11.95 11.89 
5-Jul-18 8 307.88 8.11 11.91 12.91 
6-Jul-18 8.3 310.04 8.1 11.67 7.99 
7-Jul-18 7.8 309.16 8.14 11.77 4.45 
8-Jul-18 7.3 308.09 8.13 12.01 4.8 
9-Jul-18 7.9 308.19 8.11 11.82 10.24 
10-Jul-18 8.4 308.47 8.11 11.62 4.99 
11-Jul-18 8.7 308.47 8.11 11.51 16.38 
12-Jul-18 8.1 308.21 8.08 11.7 11.55 
13-Jul-18 7.9 308.06 8.09 11.79 10.61 
14-Jul-18 7.8 306.89 8.14 11.83 21.96 
15-Jul-18 7.7 305.51 8.14 11.87 41.45 
16-Jul-18 7.9 307.1 8.09 11.73 22.69 
17-Jul-18 8.3 307.81 8.09 11.6 29.23 
18-Jul-18 8 308.02 8.07 11.71 23.93 
19-Jul-18 8.5 307.78 8.13 11.62 2.83 
20-Jul-18 82 308.91 8.13 11.69 0.35 
21-Jul-18 8.7 307.9 8.03 11.46 6.35 
22-Jul-18 8.6 298.91 8.05 11.56 1.74 
23-Jul-18 8.3 295.51 8.07 11.75 0.93 
24-Jul-18 8.3 290.67 8.04 11.77 0.59 
25-Jul-18 8 296.48 8.02 11.83 0.51 
26-Jul-18 8.4 302.05 8.03 11.68 0.46 
27-Jul-18 8.7 304.12 8.05 11.56 0.41 
28-Jul-18 9.1 304.58 8.06 11.42 0.35 
29-Jul-18 9.4 302.53 8.09 11.37 0.35 
30-Jul-18 8.8 306.16 8.07 11.52 0.39 
31-Jul-18 8.5 305.41 8.1 11.64 0.35 
1-Aug-18 8.5 307.15 8.05 11.5 0.31 
2018 No Net Loss Lake Monitoring Program A2-6 Hatfield 
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Table A2.2 (Cont'd.) 
Date Temp (*C) Кылы ым pH Dissolved Oxygen тыу (ЕМИ) 
(р5/ст) (mg/L) 
2-Aug-18 8.6 307.09 8.06 11.4 0.32 
3-Aug-18 9 306.33 8.11 11.23 0.46 
4-Aug-18 9.1 305.74 8.15 11.33 0.36 
5-Aug-18 8.4 305.57 8.1 11.52 0.28 
6-Aug-18 8.6 306.93 8.06 11.36 0.37 
7-Aug-18 8.8 305.99 8.09 11.3 0.29 
8-Aug-18 9 305.52 8.11 11.25 0.29 
9-Aug-18 9 304.53 8.1 11.26 0.31 
10-Aug-18 8.9 305.62 8.09 11.26 0.34 
11-Aug-18 8.6 303.88 8.16 11.46 0.31 
12-Aug-18 7.7 302.06 8.15 11.76 0.32 
13-Aug-18 7.5 300.58 8.16 11.73 0.37 
14-Aug-18 8.5 300.31 8.13 11.29 0.34 
15-Aug-18 8.6 301.05 8.16 11.35 1.06 
16-Aug-18 7.8 304.34 8.16 11.69 1.29 
17-Aug-18 8.2 305.79 8.15 11.52 1.28 
18-Aug-18 8.2 303.37 8.17 11.62 2.2 
19-Aug-18 8 304.79 8.15 11.76 2.03 
20-Aug-18 7.6 306.81 8.13 11.86 1.97 
21-Aug-18 9.1 - 8.1 11.31 4.63 
22-Aug-18 8.6 - 8.14 11.31 1.3 
23-Aug-18 7.3 - 8.13 11.87 1.55 
24-Aug-18 7.1 - 8.11 11.93 2.09 
25-Aug-18 6.6 - 8.13 12.09 14 
26-Aug-18 6.2 - 8.09 12.23 24 
27-Aug-18 5.8 - 8.09 12.44 2.72 
28-Aug-18 6.6 - 8.06 12.04 2.73 
29-Aug-18 6.5 - 8.05 12.01 2.72 
30-Aug-18 7.1 - 8.03 11.78 3.93 
31-Аџд-18 74 - 8.01 11.74 3.28 
1-Sep-18 7.1 - 8.04 11.84 2.97 
2-Sep-18 7.2 296.13 8.01 11.88 7.49 
3-5ер-18 6.2 288.03 8.03 12.25 3.6 
4-Sep-18 5.6 291.41 8.05 12.53 3.7 
5-Sep-18 6 290.22 8.04 12.43 4.6 
6-Sep-18 5.1 276.58 8.01 12.8 1.87 
7-Sep-18 5.3 300.38 7.97 12.6 1.39 
8-Sep-18 6 311.29 7.95 12.29 2.17 
9-Sep-18 6 312.14 8 12.35 1.56 
10-Sep-18 5.3 309.8 7.99 12.54 1.48 
11-Sep-18 5.2 308.9 8 12.57 1.36 
12-Sep-18 4.8 303.31 8 12.82 1.4 
2018 No Net Loss Lake Monitoring Program A2-7 Hatfield 
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Table А2.2 (Cont'd.) 
Date Temp (*C) е pH Dissolved Oxygen тыу (FNU) 
(ы5/ст) (mg/L) 
13-Sep-18 4.7 302.68 7.99 12.86 1.4 
14-Sep-18 4.2 306.09 7.99 13.05 1.37 
15-Sep-18 4 307.6 7.97 13.15 1.41 
16-Sep-18 3.7 309.02 7.96 13.24 1.45 
17-Sep-18 3.8 310.14 7.95 13.16 1.31 
18-Sep-18 4.5 307.92 7.96 12.91 2.25 
19-Sep-18 4.5 310.66 7.96 13.02 1.11 
20-Sep-18 4.2 311.35 7.97 13.32 0.27 
21-Sep-18 3.2 311.69 7.95 13.69 0.1 
22-Sep-18 3 311.61 7.95 13.76 0.13 
23-Sep-18 3.2 311.26 7.96 13.6 0.13 
24-Sep-18 3.8 311.51 7.96 13.42 0.18 
25-Sep-18 3.6 311.6 7.96 13.53 0.28 
26-Sep-18 4.5 311.28 7.97 13.28 0.4 
27-Sep-18 3.7 311.27 7.98 13.68 0.11 
28-Sep-18 3.7 310.79 7.99 13.65 0.16 
29-Sep-18 3.6 310.36 7.99 13.75 0.22 
30-Sep-18 3.3 310.73 7.98 13.82 0.35 
1-Oct-18 3.4 310.83 7.98 13.72 0.4 
2-Oct-18 2.8 310.59 7.98 13.88 0.44 
83-Oct-18 2.9 310.2 7.98 13.9 0.44 
4-Oct-18 2.3 311.13 7.98 14.11 0.32 
5-Oct-18 2.5 310.43 7.98 14.03 0.33 
6-Oct-18 24 311.05 7.98 14.13 0.22 
7-Oct-18 2.6 310.9 7.99 14.17 0.25 
8-Oct-18 1.7 311.88 7.98 14.51 0.13 
9-Oct-18 1.4 312.74 7.97 14.63 0.17 
10-Oct-18 1.6 312.86 7.98 14.5 0.16 
11-Oct-18 2.5 312.26 7.99 13.99 0.22 
12-Oct-18 2.5 310.82 8 13.96 0.3 
13-Oct-18 2.3 311.8 8 14.21 0.19 
14-Oct-18 2.1 311.89 7.99 14.16 0.19 
15-Oct-18 2.8 3112 8 13.94 0.26 
16-Oct-18 2.5 311.57 7.99 14.14 0.25 
17-Oct-18 2.9 310.96 7.99 13.83 0.37 
18-Oct-18 3.5 310.48 8.01 13.67 0.34 
19-Oct-18 2.9 309.58 8.01 14.06 0.31 
20-Oct-18 3 309.09 8.02 13.81 0.31 
21-Oct-18 3 308.83 8.02 13.9 0.24 
22-Oct-18 2.2 308.91 8.01 14.22 0.27 
23-Oct-18 2.6 309.48 8.02 13.98 0.25 
24-Oct-18 22 310.44 8 14.08 0.27 
2018 Мо Net 055 Lake Monitoring Program А2-8 Hatfield 
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Table A2.2 (Cont'd.) 
Date Temp (*C) Sonic Un pH Dissolved Oxygen + ii, (ЕМИ) 
(uS/cm) (mg/L) 

25-Oct-18 2.2 310.34 8.01 14.07 0.41 

26-Oct-18 2.8 309.99 8.03 13.85 0.4 

27-Oct-18 2.2 310.46 8.03 14.06 0.34 
28-Oct-18 1.8 310.73 8.02 14.26 0.37 
29-Oct-18 2.3 310.38 8.03 14.07 0.4 

30-Oct-18 27 310.39 8.03 14.01 0.43 
31-Oct-18 2.5 310.5 8.04 14.02 0.37 
1-Nov-18 22 310.09 8.05 14.24 -0.58 
2-Nov-18 2.2 310.04 8.04 14.17 -0.73 
3-Nov-18 2.3 310.11 8.05 14.09 -0.72 
4-Nov-18 1.8 310.02 8.06 14.29 -0.73 
5-Nov-18 1.4 310.07 8.05 14.56 -0.72 
6-Мом-18 1.2 310.84 8.04 14.72 -0.72 
7-Мом-18 0.9 312.11 8.04 14.84 -0.72 
8-Мом-18 0.3 314.92 8.02 15.1 -0.63 
9-Nov-18 0.8 313.77 8.04 147 -0.68 
10-Nov-18 1.2 313.12 8.04 14.66 -0.66 
11-Nov-18 1.1 313.69 8.04 14.83 -0.73 
12-Nov-18 1 314.13 8.03 14.75 -0.71 
13-Nov-18 1.5 313.55 8.04 14.47 -0.73 
14-Nov-18 1.5 313.3 8.04 14.39 -0.74 
15-Nov-18 0.8 313.93 8.04 14.84 -0.73 
16-Nov-18 0.4 314.96 8.03 15.11 -0.67 
17-Nov-18 0.2 311.51 8 15.04 -0.44 
18-Nov-18 0.4 309.5 8.01 14.91 -0.65 
19-Мом-18 0.8 314.04 8.01 14.7 -0.66 
20-Мом-18 1.2 313 8.02 14.58 -0.72 
21-Мом-18 1.3 313.08 8.03 14.4 -0.7 

2018 No Net Loss Lake Monitoring Program A2-9 Hatfield 
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Table А2.3 Mean daily water quality data collected from the outlet channel (ОС-1), May 
10 to November 26, 2018. 
Specific : 
Date Temp (°С) Кыыс pH ыы Turbidy (FNU) 
(uS/cm) 
10-May-18 12.6 274.73 7.8 9.62 3.85 
11-May-18 12.4 268.01 7.81 9.29 3.91 
12-May-18 13.3 276.64 7.83 9.18 3.56 
13-May-18 12.3 280.51 7.9 9.59 3.43 
14-Мау-18 117 280.06 7.92 10.03 2.65 
15-Мау-18 13.2 277.77 7.92 9.68 2.68 
16-Мау-18 13.3 280.06 7.97 9.93 2.15 
17-Мау-18 13.4 280.59 7.97 10.03 1.76 
18-May-18 14 284.32 7.95 9.9 1.94 
19-May-18 14.8 289.81 7.94 9.68 2.37 
20-May-18 15.6 286.24 7.95 9.58 2.03 
21-May-18 17.1 292.58 7.97 94 1.55 
22-May-18 18.1 305.61 7.93 8.89 1.42 
23-May-18 19.1 304.69 7.95 8.91 1.09 
24-May-18 20.5 305.65 7.94 8.51 2.85 
25-May-18 20.5 306.11 7.94 8.33 0.63 
26-May-18 19.2 311.35 7.93 8.3 0.88 
27-Мау-18 18.7 308.77 8 9 0.57 
28-Мау-18 18.4 303.47 8.02 9.13 1.86 
29-May-18 17.6 294.17 8.1 9.82 1.03 
30-May-18 159 304.51 7.94 9.02 5.2 
31-May-18 15.2 294.98 7.97 9.59 1.34 
1-Јип-18 14.1 294.51 8.02 9.69 3.53 
2-Jun-18 152 294.17 8.01 9.39 2.31 
3-Jun-18 152 292.95 8.07 10.14 1.21 
4-Jun-18 15 290.7 8.09 10.3 8.11 
5-Jun-18 144 290.5 8.08 10.43 1.37 
6-Јип-18 13.8 288.11 7.96 9.74 5.42 
7-Jun-18 16.8 289.34 7.89 9.22 2.73 
8-Jun-18 17.5 295.57 7.78 8.42 0.86 
9-Jun-18 17.7 292.47 7.99 9.71 0.4 
10-Jun-18 18.3 289.72 8.16 10.45 0.26 
11-Jun-18 17.2 290.04 8.08 9.81 0.5 
12-Jun-18 15.4 287.07 8.02 9.49 0.65 
13-Јип-18 14.9 285.67 8 9.66 0.83 
14-Јип-18 14.8 289.37 7.89 9.31 0.91 
15-Jun-18 17 289.75 7.77 8.23 0.48 
16-Jun-18 179 287.99 7.93 9.3 0.77 
17-Jun-18 18.9 282.81 8.11 10.67 0.74 
18-Jun-18 20.5 286.51 7.71 7.27 0.58 
19-Jun-18 20.8 286.43 7.61 6.3 0.23 
20-Jun-18 22.6 286.69 7.56 5.49 0.24 
2018 No Net Loss Lake Monitoring Program A2-10 Hatfield 
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Table А2.3 (Cont'd.) 
Specific ; 
Date Temp (°C) нс pH а и Turbidy (ЕМИ) 
(uS/cm) 
21-Jun-18 23.1 284.84 7.55 5.21 0.19 
22-Jun-18 22.3 282.57 7.59 5.67 0.22 
23-Jun-18 22.5 276.84 7.85 7.58 1.13 
24-Jun-18 23.7 269.48 8.08 9.43 0.97 
25-Jun-18 23.3 272.19 7.75 7 1.43 
26-Jun-18 21.3 268.51 7.72 6.88 0.48 
27-Jun-18 18.8 274.27 7.84 7.89 0.81 
28-Jun-18 19.7 269.1 8.11 10.25 0.91 
29-Jun-18 20.2 269.76 8.13 10.56 1.17 
30-Jun-18 20.3 297.43 7.82 8.15 2.06 
1-Jul-18 21.1 290.48 7.71 6.96 1.95 
2-Jul-18 20 280.5 7.73 6.94 1.3 
3-Jul-18 19.8 296.17 7.89 8.44 3.82 
4-Jul-18 20.7 321.55 7.77 7.72 2 
5-Jul-18 20.7 294.21 77 7.01 1.4 
6-Jul-18 21.1 274.99 7.73 6.95 1.1 
7-Jul-18 18.8 270.31 7.79 7.36 1.16 
8-Jul-18 18.5 259.67 7.92 8.83 1.05 
9-Jul-18 20.1 258.43 7.89 8.45 1.02 
10-Jul-18 20.6 255.27 8 9.3 1.74 
11-Jul-18 22.1 244.46 8.26 11.06 2.38 
12-Jul-18 21.6 245.68 8.06 9.04 2.67 
13-Jul-18 20.9 246.03 7.92 8.04 2.18 
14-Jul-18 19.8 243.73 8.12 9.69 2.11 
15-Jul-18 20.3 239.32 8.3 11.48 2.24 
16-Jul-18 20.8 240.97 8.13 9.88 2.46 
17-Jul-18 22 245.56 7.88 8.04 2.42 
18-Jul-18 21.6 247.59 7.92 7.37 1.48 
19-Jul-18 21.4 243.78 8.17 7.76 0.12 
20-Jul-18 20.8 237.78 8.25 8.07 0.14 
21-Jul-18 20.7 274.73 8.17 7.87 8.94 
22-Jul-18 18.6 291.52 8.37 9.59 1.35 
23-Jul-18 17.7 279.13 8.32 9.56 1.62 
24-Jul-18 18.5 238.41 8.49 10.7 1.14 
25-Jul-18 19 245.05 8.39 10.1 1.05 
26-Jul-18 20.2 246.39 8.27 9.18 0.86 
27-Jul-18 21.1 246.22 8.16 8.25 0.97 
28-Jul-18 21.1 240.42 8.31 9.22 1.24 
29-Jul-18 22.1 225.47 8.6 11.05 0.65 
30-Jul-18 21.1 229.19 8.3 8.45 1.14 
31-Jul-18 21.1 229.4 8.31 8.58 0.66 
1-Aug-18 21.5 230.35 8.26 8.26 0.58 
2018 No Net Loss Lake Monitoring Program A2-11 Hatfield 
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Table А2.3 (Cont'd.) 
Specific : 
Date Temp (°C) te pH rer od Turbidy (FNU) 
(uS/cm) 
2-Aug-18 22.3 230.45 8.24 8.05 0.54 
3-Aug-18 22.5 230.02 8.23 7.86 0.63 
4-Aug-18 20.7 224.87 8.47 9.53 2.2 
5-Aug-18 21.5 219.35 8.68 10.61 4.54 
6-Aug-18 21.5 223.49 8.42 8.95 3.6 
7-Aug-18 22 226.05 8.33 8.34 2.87 
8-Aug-18 22.5 228.87 8.24 7.75 2.55 
9-Aug-18 21.9 227.61 8.26 7.72 2.4 
10-Aug-18 21.3 224.87 8.24 7.65 2.35 
11-Aug-18 20.7 218.16 8.52 9.85 4.47 
12-Aug-18 20.6 212.84 8.73 11.11 2.26 
13-Aug-18 18.7 220.57 8.51 9.42 2.2 
14-Aug-18 19.9 227.75 8.43 9.1 2.03 
15-Aug-18 20 223.98 8.49 9.42 2.22 
16-Aug-18 19.9 217.32 8.73 10.5 2.02 
17-Aug-18 20.7 216.62 8.69 9.99 2.03 
18-Aug-18 19.2 222.02 8.52 8.93 2.08 
19-Aug-18 19 217.38 8.5 8.82 1.99 
20-Aug-18 18.7 217.25 8.52 9.07 1.91 
21-Aug-18 19.3 222.19 8.46 8.81 1.93 
22-Aug-18 17.5 226.6 8.37 8.42 1.96 
23-Aug-18 15.8 220.8 8.46 9.27 2.22 
24-Aug-18 15.2 222.48 8.42 9.19 2.17 
25-Aug-18 14.7 221.66 8.48 9.77 2.09 
26-Aug-18 14.4 221.83 8.45 9.72 2.05 
27-Aug-18 14.3 222.65 8.43 9.75 2.14 
28-Aug-18 14.6 223.77 84 9.63 2.27 
29-Aug-18 13.8 225.55 8.31 9.31 2.18 
30-Aug-18 13.9 228.99 8.27 9.14 2.48 
31-Aug-18 14.7 227.84 8.37 9.73 2.32 
1-Sep-18 14.1 230.27 8.33 9.71 2.28 
2-Sep-18 14.1 227.92 8.35 9.86 2.2 
3-Sep-18 12.4 229.81 8.3 9.8 2.24 
4-Sep-18 122 230.4 8.35 10.22 2.16 
5-Sep-18 12.5 231.21 8.35 10.32 4.88 
6-Sep-18 11.7 229.87 8.39 10.65 2.18 
7-Sep-18 12.1 230.22 8.4 10.64 2.47 
8-Sep-18 12.6 229.35 8.44 10.9 2.23 
9-Sep-18 11.6 234.5 8.37 10.71 2.2 
10-5ер-18 11,4 231.46 8.41 10.86 2.22 
11-5ер-18 10.6 234.15 8.4 10.99 2.25 
12-5ер-18 9.7 234.23 8.44 11.35 2.23 
2018 No Net Loss Lake Monitoring Program A2-12 Hatfield 
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Table А2.3 (Cont'd.) 
Specific А 
Date Temp (°C) оси pH пр da Turbidy (FNU) 
«+ 
13-Sep-18 9.4 233.23 8.45 11.43 2.23 
14-Sep-18 9.1 234.49 8.44 11.38 2.41 
15-Sep-18 9.3 234.32 8.46 11.59 2.28 
16-Sep-18 8.3 235.31 8.45 11.62 2.27 
17-Sep-18 - - = = = 
18-Sep-18 9.4 242.77 8.64 11.46 0.87 
19-Sep-18 9.1 239.49 8.67 11.51 0.92 
20-Sep-18 8 241.31 8.68 11.76 0.92 
21-Sep-18 7.6 238.78 8.72 12.02 0.89 
22-Sep-18 7.2 239.58 8.72 12.06 0.92 
23-Sep-18 6.9 241.24 8.72 12.12 0.91 
24-Sep-18 7.5 242.19 8.71 12.08 0.97 
25-Sep-18 7.2 242.4 8.72 12.2 0.96 
26-Sep-18 7.6 243.31 8.7 12.23 1.45 
27-Sep-18 6.8 242.35 8.73 12.65 0.8 
28-Sep-18 6.7 242.92 8.73 12.69 0.79 
29-Sep-18 5.9 245.2 8.71 12.73 0.86 
30-Sep-18 5.9 243.94 8.75 12.82 0.82 
1-Oct-18 5.7 245.03 8.76 12.91 0.85 
2-Oct-18 5 245.59 8.76 12.97 0.9 
3-Oct-18 4.2 246.29 8.76 13.15 0.84 
4-Oct-18 4 245.55 8.78 13.36 1.1 
5-Oct-18 3.4 249.33 8.75 13.42 1.29 
6-Oct-18 3.3 247 8.8 13.65 1.14 
7-Oct-18 3.3 247.29 8.79 13.68 1 
8-Oct-18 3.1 246.77 8.8 13.76 1.14 
9-Oct-18 3.3 247.38 8.8 13.85 1.35 
10-Oct-18 3.6 247.99 8.81 14.02 1.22 
11-Осі-18 3.8 247.76 8.82 14.04 1.07 
12-Осі-18 3.5 248.47 8.8 13.9 1.15 
13-Осі-18 3.4 248.21 8.82 14.16 0.97 
14-Осі-18 3.8 249.36 8.82 14.12 1.11 
15-Oct-18 3.8 249.66 8.81 14.14 1 
16-Oct-18 3.8 249.33 8.83 14.36 2.44 
17-Oct-18 4.2 249.13 8.83 14.32 0.98 
18-Oct-18 4.2 249.79 8.81 14.18 1.07 
19-Oct-18 4 251.49 8.79 14.15 1.03 
20-Oct-18 4.1 253.1 8.78 14.03 1.07 
21-Oct-18 4 253.58 8.77 13.94 1.13 
22-Oct-18 3.8 254.09 8.77 14.01 1.08 
23-Oct-18 3.6 254.53 8.76 13.95 1.04 
24-Oct-18 3.6 254.39 8.77 14.01 1.05 
2018 No Net Loss Lake Monitoring Program A2-13 Hatfield 
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Table А2.3 


NP 


ресе Dissolved Oxygen : 
Date Temp (°С) Conductivity pH (тай) Turbidy (ЕМИ) 
Б E À———— —— ———— 
25-Oct-18 3.7 255.36 8.76 13.98 1.04 
26-Oct-18 3.8 255.89 8.77 14.03 1.03 
27-Oct-18 3.5 255.98 8.78 14.14 1.03 
28-Oct-18 3.4 256.19 8.79 14.19 1.14 
29-Oct-18 34 257.24 8.77 14.12 0.99 
30-Oct-18 3.3 257.67 8.77 14.23 0.99 
31-Oct-18 3.1 259.21 8.76 14.15 0.99 
1-Nov-18 2.8 258.56 8.76 14.15 1.05 
2-Nov-18 2.8 257.87 8.77 14.16 1.08 
3-Мом-18 26 258.82 8.76 14.16 1 
4-Моу-18 17 262.58 8.72 14.08 1.05 
5-Моу-18 1.1 262.87 8.73 14.22 1.09 
6-Nov-18 1 265.77 8.74 14.41 1.03 
7-Nov-18 11 272.85 8.74 14.72 1.01 
8-Мом-18 1 279.39 8.73 15.02 1 
9-Nov-18 1 279.51 8.74 15.01 1 
10-Nov-18 0.9 277.76 8.74 14.92 0.99 
11-Nov-18 0.9 278.4 8.74 15.02 0.99 
12-Nov-18 0.8 279.2 8.74 15.03 0.99 
13-Nov-18 0.9 278.05 8.74 14.95 0.98 
14-Nov-18 0.8 278.84 8.73 14.87 0.97 
15-Nov-18 0.7 280.03 8.74 15 0.95 
16-Nov-18 0.7 282.68 8.74 15.1 0.96 
17-Nov-18 0.7 283.84 8.74 15.17 3.1 
18-Nov-18 0.7 283.13 8.74 15.12 0.96 
19-Nov-18 0.7 283.32 8.73 15.06 0.94 
20-Nov-18 0.6 282.17 8.73 14.95 0.94 
21-Nov-18 0.6 281.08 8.73 14.82 0.95 
22-Nov-18 0.7 279.59 8.73 14.74 0.92 
23-Nov-18 0.6 280.67 8.73 147 0.89 
24-Nov-18 0.6 280.45 8.73 14.7 0.88 
25-Nov-18 07 280.03 8.73 14.67 0.87 
26-Моу-18 0.6 280.52 8.72 14.58 0.87 
2018 No Net Loss Lake Monitoring Program A2-14 Hatfield 
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Table А2.3 (Cont'd.) 
Specific Е 
Date Temp (°C) Conductivit pH Dissolved Oxygen Turbidy (FNU) 
(uS/cm) (mg/L) 
10-May-18 5.8 343.21 8.23 12.3 6.37 
11-May-18 6.5 342.9 8.25 12.19 5.74 
12-May-18 6.8 343.7 8.26 12.02 5.67 
13-May-18 6 343.79 8.26 12.31 6.17 
14-May-18 5.6 345.07 8.27 12.42 4.5 
15-May-18 6.4 345.46 8.28 12.11 4.39 
16-May-18 6.2 345.87 8.28 12.28 3.83 
17-May-18 6.1 346.66 8.29 12.32 3.78 
18-May-18 6.3 347.86 8.29 12.26 3.97 
19-Мау-18 7 348.78 8.3 11.96 4.84 
20-May-18 7.2 349.11 8.3 11.8 4.95 
21-May-18 7.3 350.13 8.3 11.71 4.42 
22-May-18 7.6 350.9 8.32 11.64 3.79 
23-May-18 7.8 351.82 8.32 11.54 3.63 
24-May-18 7.6 352.85 8.32 11.51 3.44 
25-May-18 7.4 354.41 8.32 11.46 4.74 
26-Мау-18 7.2 356.09 8.35 11.51 10.68 
27-Мау-18 7.2 356.53 8.36 11.64 5.09 
28-Мау-18 11 342 8.35 10.71 8.35 
29-Мау-18 10.9 336.66 8.35 10.51 4.22 
30-Мау-18 6.4 356.38 8.39 11.79 4.14 
31-Мау-18 6.5 358.54 8.41 11.77 3.88 
1-Јип-18 6 359.87 8.41 11.89 3.79 
2-Јип-18 6.3 360.99 8.42 11.74 3.34 
3-Jun-18 9.5 346.05 8.43 11.03 4.51 
4-Jun-18 8 346.73 8.42 11.06 3.28 
5-Jun-18 7.1 355.58 8.44 11.28 3.85 
6-Jun-18 6.2 363.08 8.46 11.59 4.3 
7-Jun-18 6.9 364.61 8.47 11.37 4.02 
8-Jun-18 7.1 364.98 8.47 11.21 3.79 
9-Jun-18 10.8 331.03 8.46 10.5 16.65 
10-Jun-18 13.1 290.7 8.42 9.56 134.66 
11-Jun-18 7.5 307.83 8.41 10.3 74 
12-Jun-18 6.4 315.98 8.39 11.12 172.46 
13-Jun-18 6.1 319.75 8.36 11.36 114.89 
14-Јип-18 6 318.89 8.34 11.42 159.69 
15-Јип-18 6.5 320.26 8.33 11.17 171.89 
16-Jun-18 11.3 310.29 8.3 10.79 51.26 
17-Jun-18 9.6 317.46 8.32 10.88 9.78 
18-Jun-18 7.8 330.59 8.36 11.33 12.28 
19-Jun-18 7.5 331.85 8.35 11.4 12.49 
20-Jun-18 8 331.95 8.35 11.27 13.82 
21-Jun-18 7.8 332.9 8.34 11.33 11.31 
22-Jun-18 7.6 333.29 8.34 11.35 36.22 
2018 No Net Loss Lake Monitoring Program A2-15 Hatfield 
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Table A2.3 (Cont'd.) 
Specific : 
Date Temp (°C) de pH Dissolved Oxygen Turbidy (FNU) 
(иЅ/ст) (mg/L) 
23-Jun-18 11.3 320.72 8.3 10.67 100.52 
24-Jun-18 10.3 319.1 8.29 10.74 85.48 
25-Jun-18 8.3 330.61 8.3 11.14 218.81 
26-Jun-18 7.4 329.75 8.3 11.36 97.44 
27-Jun-18 7.4 336.14 8.27 11.27 167.55 
28-Jun-18 12.9 306.94 8.18 9.93 244.94 
29-Jun-18 10.3 316.53 8.15 10.35 312.25 
30-Jun-18 7.7 326.53 8.16 11.33 238.68 
1-Jul-18 7.6 324.05 8.17 11.32 123.89 
2-Jul-18 7.3 326.93 8.2 11.56 70.71 
3-Jul-18 7.7 328.89 8.19 11.55 170.7 
4-Jul-18 7.6 334.21 8.17 11.67 41.46 
5-Jul-18 7.8 330.47 8.2 11.67 34.62 
6-Jul-18 7.8 329.1 8.21 11.53 31.42 
7-Jul-18 6.9 329.81 8.22 11.72 29.43 
8-Jul-18 6.9 330.94 8.23 11.85 23.97 
9-Jul-18 7.8 332.32 8.22 11.66 22.32 
10-Jul-18 11.4 319.9 8.22 11.16 67.61 
11-Jul-18 14 304.44 8.19 10.49 99.39 
12-Jul-18 7.9 330.4 8.18 11.57 70.19 
13-Jul-18 7.5 336.88 8.21 11.73 49.24 
14-Jul-18 11.5 316.52 8.24 11.23 35.98 
15-Jul-18 14.1 301.64 8.25 10.8 16.69 
16-Jul-18 8.3 335.78 8.21 11.56 16.77 
17-Jul-18 8 343.12 8.22 11.67 17.42 
18-Jul-18 7.3 346.78 8.21 11.88 20.69 
19-Jul-18 8.1 347.83 8.24 11.76 11.95 
20-Jul-18 7.5 352.02 8.26 11.93 1.13 
21-Jul-18 8.4 363.79 8.19 11.46 364.83 
22-Jul-18 8.8 381.74 8.17 11.27 93.21 
23-Jul-18 10.4 342.13 8.19 11.1 56.46 
24-Jul-18 14.3 287.62 8.18 10.31 11.95 
25-Jul-18 8.1 353.38 8.18 11.57 24.59 
26-Jul-18 8.1 356.99 8.21 11.53 20.94 
27-Jul-18 8 356.56 8.23 11.44 12.8 
28-Jul-18 12.7 313.94 8.23 10.64 13.45 
29-Jul-18 12.6 315.66 8.24 10.3 4.38 
30-Jul-18 8 352.54 8.26 11.29 8.19 
31-Jul-18 7.7 355.26 8.29 11.34 13.24 
1-Aug-18 7.7 356.12 8.28 11.13 17.4 
2-Aug-18 7.9 356.51 8.29 10.99 94.64 
3-Aug-18 8.1 357.19 8.32 10.81 87.79 
4-Aug-18 11 324.49 8.28 10.39 155.25 
5-Aug-18 10.1 332.83 8.09 10.32 50.68 
2018 No Net Loss Lake Monitoring Program A2-16 Hatfield 
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Table А2.3 (Cont'd.) 
Specific 2 
Date Temp (°C) Со аа pH Dissolved Oxygen тыу (FNU) 
(yS/cm) (mg/L) 
6-Aug-18 7.7 353.61 8.14 10.73 46.11 
7-Aug-18 7.9 355.68 8.19 10.64 21.57 
8-Aug-18 8.1 356.63 8.23 10.59 22.26 
9-Aug-18 7.7 357.1 8.24 10.61 20.63 
10-Aug-18 7.5 357.69 8.26 10.55 24,15 
11-Aug-18 10.9 319.94 8.2 10.03 72.27 
12-Aug-18 8.7 334.83 8.15 10.3 17.24 
13-Aug-18 7.5 352.62 8.21 10.48 26.26 
14-Aug-18 8.1 353.01 8.24 10.1 10.18 
15-Aug-18 9.8 328.32 8.25 10.19 4.06 
16-Aug-18 12.3 291.4 8.22 10.4 0.74 
17-Aug-18 8.8 330.75 8.19 10.95 1.07 
18-Aug-18 7.5 341.76 8.21 11.33 1.18 
19-Aug-18 7.2 345.5 8.21 11.49 1.39 
20-Aug-18 7 347.34 8.21 11.55 1.23 
21-Aug-18 7.4 348.35 8.21 11.37 1.21 
22-Aug-18 7 349.1 8.21 11.36 1.28 
23-Aug-18 6.5 350.46 8.19 11.54 714 
24-Aug-18 6.3 345.9 8.19 11.55 24.89 
25-Aug-18 6.3 345.47 8.22 11.62 1.58 
26-Aug-18 6.2 346.67 8.22 11.65 1.44 
27-Aug-18 6 347.47 8.22 11.75 1.32 
28-Aug-18 6.5 347.38 8.19 11.52 1.33 
29-Aug-18 6.2 352.35 8.2 11.56 1.39 
30-Aug-18 6.8 351.19 8.18 11.29 90.32 
31-Aug-18 7.6 342.53 8.18 11.14 2.16 
1-Sep-18 6.8 346.35 8.19 11.36 2.68 
2-Sep-18 6.6 349.18 8.21 11.53 1.8 
3-Sep-18 6 352.72 8.19 11.71 9.15 
4-Sep-18 5.8 352.61 8.21 11.9 1.57 
5-Sep-18 6.1 353.04 8.21 11.84 1.54 
6-Sep-18 5.5 353.83 8.19 12.07 1.39 
7-5ер-18 8.2 319.76 8.2 11.26 1.82 
8-5ер-18 9.3 306.4 8.2 10.8 35.21 
9-Sep-18 8.4 312.72 8.19 10.95 1.78 
10-Sep-18 7.6 322.31 8.21 11.23 1.17 
11-Sep-18 5.9 345.98 8.21 11.71 2.05 
12-Sep-18 5.6 346.66 8.21 11.92 1.24 
13-Sep-18 5.2 355.33 8.21 12.05 1.25 
14-Sep-18 5.1 356.34 8.2 12.12 1.22 
15-Sep-18 5.1 356.8 8.19 12.13 1.25 
16-Sep-18 4.6 358.61 8.19 12.27 1.27 
17-Sep-18 - - - - - 
18-Sep-18 5.5 357.28 82 11.96 1.03 
2018 No Net Loss Lake Monitoring Program A2-17 Hatfield 
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Table А2.3 (Cont'd.) 
Specific А 
Date Temp (°C) е pH Dissolved Oxygen тыу (ЕМИ) 
(pS/cm) (mg/L) 
19-Sep-18 5.3 355.53 82 12.04 1.04 
20-Sep-18 4.8 354.95 8.21 12.25 1 
21-Sep-18 4.4 353.64 8.2 12.4 1.33 
22-Sep-18 4.3 355.45 8.21 12.39 1.63 
23-Sep-18 4.5 353.93 8.21 12.22 1.18 
24-Sep-18 4.9 354.31 8.21 12.12 1.08 
25-Sep-18 4.9 353.51 8.21 12.14 1.1 
26-Sep-18 5.9 327.75 8.26 11.95 1.48 
27-Sep-18 5.5 301.02 8.31 12.16 0.74 
28-Sep-18 54 314.03 8.29 12.19 0.73 
29-Sep-18 4.7 322.03 8.27 12.36 0.78 
30-Sep-18 4.6 324.94 8.27 12.4 0.85 
1-Oct-18 4.5 330.16 8.26 12.36 0.86 
2-Oct-18 4.1 331.53 8.27 12.46 1.27 
3-Oct-18 3.9 335.4 8.27 12.56 1.23 
4-Oct-18 3.6 336.98 8.27 12.66 2.23 
5-Oct-18 3.5 337.96 8.27 12.69 1.5 
6-Oct-18 3.6 338.31 8.27 12.73 1.53 
7-Oct-18 3.6 338.29 8.27 12.8 5.82 
8-Oct-18 3.1 338.37 8.27 12.97 13.78 
9-Oct-18 3.1 338.23 8.27 12.98 194.11 
10-Oct-18 3.4 337.93 8.27 12.85 23.26 
11-Oct-18 3.9 338.2 8.28 12.53 9.96 
12-Oct-18 3.7 337.47 8.29 12.58 2.15 
13-Oct-18 3.5 337.86 8.3 12.82 1.16 
14-Oct-18 3.7 337.9 8.29 12.62 1.81 
15-Oct-18 4.1 337.03 8.3 12.52 1.82 
16-Oct-18 3.9 326.29 8.32 12.76 1.69 
17-Oct-18 4.3 320.08 8.33 12.54 2.86 
18-Oct-18 4.6 323.83 8.32 12.43 2.09 
19-Oct-18 4 327.5 8.31 12.74 44.77 
20-Oct-18 4.3 330.58 8.31 12.45 6.83 
21-Oct-18 4.1 332.21 8.31 12.53 2.41 
22-Oct-18 3.7 333.89 8.3 12.7 3.35 
23-Oct-18 3.9 334.89 8.31 12.55 4.49 
24-Oct-18 3.7 335.74 8.3 12.57 6.81 
25-Oct-18 3.8 336.12 8.3 12.53 9.11 
26-Oct-18 4.2 336.53 8.31 12.39 3.66 
27-Oct-18 3.7 336.86 8.3 12.55 6.13 
28-Oct-18 3.5 337.19 8.3 12.68 8.39 
29-Oct-18 3.8 337.2 8.31 12.56 3.61 
30-Oct-18 3.9 337.47 8.31 12.56 0.73 
31-Oct-18 3.6 337.68 8.32 12.62 0.66 
1-Nov-18 3.3 338.35 8.32 12.79 1.97 
2018 No Net Loss Lake Monitoring Program A2-18 Hatfield 
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Table А2.3 (Cont'd.) 
Specific : 
Date Temp (*C) Ды ис pH Dissolved Oxygen тыу (ЕМИ) 
{uS/em) (mg/L) 

2-Nov-18 3.4 338.37 8.32 12.71 5.64 
3-Nov-18 3.4 337.65 8.32 12.68 11.41 
4-Nov-18 2.6 339.5 8.32 12.9 3.5 

5-Мом-18 2.4 340.35 8.33 13.11 7.55 
6-Nov-18 2.3 341.45 8.32 13.2 11.67 
7-Nov-18 2.1 343.73 8.33 13.3 17.33 
8-Nov-18 1.7 346.97 8.32 13.48 23.45 
9-Nov-18 2.1 345.82 8.33 13.13 20.9 
10-Nov-18 24 344.55 8.33 13.15 19.83 
11-Nov-18 2.3 345.25 8.33 13.32 29.81 
12-Nov-18 2.3 345.56 8.33 13.21 32.92 
13-Nov-18 2.7 344.29 8.33 12.98 31.71 
14-Nov-18 2.5 344.89 8.33 12.95 33.99 
15-Nov-18 19 346.05 8.34 13.34 40.14 
16-Nov-18 17 347.31 8.33 13.47 48.94 
17-Nov-18 1.8 347.35 8.34 13.33 51.53 
18-Nov-18 19 345.6 8.33 13.22 51.99 
19-Nov-18 2.3 344.51 8.33 13.06 51.04 
20-Nov-18 2.3 343.19 8.33 13.03 44.9 
21-Nov-18 23 342.91 8.33 12.92 58.31 
22-Nov-18 2.5 343.16 8.33 12.76 51.53 
23-Nov-18 2.3 343.8 8.35 12.99 23.33 
24-Nov-18 2.3 343.96 8.35 13.07 12.58 
25-Nov-18 2.6 343.97 8.34 13 14.2 
26-Nov-18 2.6 344.36 8.34 12.92 17.48 

2018 No Net Loss Lake Monitoring Program A2-19 Hatfield 
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Table A3.1 Concentrations of sediment quality variables in the Мо Net Loss Lake, Fall 


2018. 
Guidelines Station 

Analyte Units 

IsQG' PEL? LEL? CCME* uz PZ 
Physical properties 
% Clay 96 - - - - 9.7 14.0 
% Moisture 96 - - - - 67.2 61.6 
% Sand % - - - - 447 41.0 
% Silt % - - - - 45.6 45.0 
Texture - - - - - - Loam 
Inorganic and Organic 
Carbon 
Inorganic Carbon % - - - - 4.60 0.52 
Total Carbon by Combustion % - - - - 9.06 8.28 
Total Organic Carbon % - - - - 4.46 7.76 
За аш (as CaCO; % E н _ 38.28 43 
Hydrocarbons and Organic 
Compounds 
Benzene mg/kg - - - - <0.016 <0.017 
Ethylbenzene mg/kg - - - - <0.049 <0.050 
F1 (C6-C10) mg/kg - - - 30 <33 <33 
F1-BTEX mg/kg - - - - <33 <33 
22 (С10-С16) mg/kg - - - 150 <25 34 
ЕЗ (С16-С34) mg/kg - - - 300 246 644 
24 (C34-C50) mg/kg - - - 2800 164 499 
F4G-SG (GHH-Silica) mg/kg - - - - - - 
o-Xylene mg/kg - - - - <0.16 <0.17 
Toluene mg/kg - - - - <0.046 <0.046 
Total Hydrocarbons (C6-C50) mg/kg - - - - 410 1180 
Xylenes mg/kg - - - - <0.23 <0.23 
m+p-Xylene mg/kg - - - - <0.16 <0.17 
Polycyclic Aromatic 
Hydrocarbons 
2-Methyinaphthalene mg/kg 0.0202 0.201 - - <0.014 <0.010 
Acenaphthene mg/kg 0.00671 0.0889 - - <0.054 <0.0050 
Acenaphthylene mg/kg 0.00587 0.128 - - <0.054 <0.0050 
Anthracene mg/kg 0.0469 0.245 - - <0.054 <0.0040 
Benz(a)anthracene mg/kg 0.0317 0.385 - - <0.014 <0.010 
Benzo(a)pyrene mg/kg 0.0319 0.782 - - «0.014 «0.010 
Chrysene mg/kg 0.0571 0.862 - - «0.014 0.015 
Dibenz(a,h)anthracene mg/kg - - - - <0.0067 <0.0050 
Fluoranthene mg/kg 0.111 2.355 - - <0.014 <0.010 


Values in bold indicate concentrations exceeding guidelines for the protection of aquatic Не. 

' Interim Sediment Quality Guideline (ISQG) (GoA 2018) 

? Probable Effects Level (PEL) (GoA 2018) 

3 Lowest Effects Level (LEL) (GoA 2018) 

4 Guideline is for residential/parkland coarse (median grain size > 75 um) surface soils (CCME 2008). 
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Table АЗ.1 


Analyte 


Fluorene 
Naphthalene 
Phenanthrene 
Pyrene 

Total Metals 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Вегућит (Be) 
Bismuth (Bi) 
Boron (B) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Iron (Fe) 

Lead (Pb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Phosphorus (P) 
Potassium (K) 
Selenium (Se) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 
Thallium (TI) 
Tin (Sn) 
Titanium (Ti) 
Uranium (U) 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 


(Cont'd.) 


Units 


mg/kg 
mg/kg 
mg/kg 
mg/kg 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


Guidelines 

ISQG' PEL? LEL’ 
0.0212 0.144 - 
0.0419 0.515 - 
0.053 0.875 - 
5.9 17 - 
0.6 3.5 - 
37.3 90 - 
35.7 197 - 
35 91.3 - 

- - 460 
0.17 0.486 2 
- - 16 
2 " 5 
123 315 - 


ССМЕ* 


Values in bold indicate concentrations exceeding guidelines for the protection of aquatic Не. 
Interim Sediment Quality Guideline (ISQG) (GoA 2018) 


? Probable Effects Level (PEL) (GoA 2018) 
* Lowest Effects Level (LEL) (GoA 2018) 


* Guideline is for residential/parkland coarse (median grain size » 75 pm) surface soils (CCME 2008). 
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12 


<0.014 
<0.014 
<0.014 
<0.014 


5850 
0.14 
2.5 
143 
0.31 
<0.20 
10.9 
0.077 
111000 
13.2 
4.19 
7.43 
12200 
4.54 
6.8 
5310 
277 


Station 


PZ 


<0.010 
<0.010 
<0.010 
<0.010 


8880 
0.19 
4.56 
222 
0.53 
<0.20 
25.1 
0.148 
22900 
15.2 
6.83 
11.5 
22500 
7.26 
11 
4460 
548 
0.0301 
0.56 
17.8 
539 
1370 
0.43 
«0.10 
136 
84.1 
0.156 
«2.0 
37.2 
0.697 
25.6 
43.1 
7.5 


Hatfield 


000905 


Appendix A4 


Macrophyte Communities 


000906 


Table A4.1 Percent cover of macrophyte species in the littoral zone of No Net Loss 
Lake, Fort Hills Oil Sands Project, July 18, 2018 (Transect LZ1). 

2. pns Common Name Botanical Name Percent Cover 

0 0.23 Cypress like sedge Carex pseudocyperus 20 

0 0.23 Water Sedge Carex aquatilis 10 

0 0.23 Narrow leaved pondweed Potamogeton pusillus 25 

0 0.23 Coontail Ceratophyllum demersum 5 

1 0.50 Coontail Ceratophyllum demersum 60 

1 0.50 White Water-buttercup Ranunculus circinatus 10 

2 0.68 Coontail Ceratophyllum demersum 80 

2 0.68 Narrow leaved pondweed Potamogeton pusillus 10 

3 1.07 Coontail Ceratophyllum demersum 90 

3 1.07 White Water-buttercup Ranunculus circinatus 10 

4 1.07 Coontail Ceratophyllum demersum 100 

5 - Coontail Ceratophyllum demersum 100 

6 - Coontail Ceratophyllum demersum 100 

7 - Coontail Ceratophyllum demersum 100 

8 2 Coontail Ceratophyllum demersum 100 
Table A4.21 Percent cover of macrophyte species in the littoral zone of No Net Loss 

Lake, Fort Hills Oil Sands Project, July 18, 2018 (Transect LZ2). 

Dites ica Eu. p Common Name Botanical Name Percent Cover 

0 0.20 Marsh Cinquefoil Comarum palustre 5 

0 0.20 Northern Watermillfoil Myriophyllum exalbescens 5 

0 0.20 Rush sp. Juncus sp. 3 

1 0.27 Coontail Ceratophyllum demersum 3 

2 0.40 Coontail Ceratophyllum demersum 10 

3 0.50 Coontail Ceratophyllum demersum 5 

4 0.66 Coontail Ceratophyllum demersum 5 

5 0.91 Coontail Ceratophyllum demersum 5 

5 0.91 Northern Watermillfoil Myriophyllum exalbescens 5 

6 0.98 - - - 

7 1.15 Coontail Ceratophyllum demersum 60 

7 1.15 Northern Watermillfoil Myriophyllum exalbescens 5 

81015 1.15to 3 Coontail Ceratophyllum детегзит 80 

81015 1.15103 Narrow leaf pondweed Potamogeton pusillus 10 

8 to 15 1.1503 Northern Watermillfoil Myriophyllum exalbescens 10 
Appendix A4 – Macrophyte Communities А4-1 натеја 
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Table A4.3 Percent cover of macrophyte species in the littoral zone of No Net Loss 
Lake, Fort Hills Oil Sands Project, July 18, 2018 (Transect LZ3). 


1 pi Common Name Botanical Name Percent Cover 
0 0.34 Water Sedge Carex aquatilis 10 
0 0.34 Cypress like sedge Carex pseudocyperus 5 
0 0.34 Water bur-reed Sparganium fluctuans 2 
0 0.34 Coontail Ceratophyllum demersum 10 
0 0.34 Sandbar willow Salix exigua 2 

1 0.3 Coontail Ceratophyllum demersum 2 
1 0.3 Algae sp. - 2 
2 0.5 Coontail Ceratophyllum demersum 5 
3 0.68 Coontail Ceratophyllum demersum 1 
4 0.73 - - - 
5 0.97 = - - 
6 1.25 Coontail Ceratophyllum demersum 10 
7 1.25 Coontail Ceratophyllum demersum 100 
8 - Coontail Ceratophyllum demersum 100 
9 - Coontail Ceratophyllum demersum 100 
10 - Coontail Ceratophyllum demersum 100 
11 - Coontail Ceratophyllum demersum 100 
12 - Coontail Ceratophyllum demersum 100 
13 - Coontail Ceratophyllum demersum 100 
14 - Coontail Ceratophyllum demersum 100 
15 - Coontail Ceratophyllum demersum 100 
16 - Coontail Ceratophyllum demersum 100 
17 - Coontail Ceratophyllum demersum 100 
18 - Coontail Ceratophyllum demersum 100 
19 - Coontail Ceratophyllum demersum 100 
20 - Coontail Ceratophyllum demersum 100 
21 - Coontail Ceratophyllum demersum 100 
22 - Coontail Ceratophyllum demersum 100 
23 - Coontail Ceratophyllum demersum 100 
24 - Coontail Ceratophyllum demersum 100 
25 - Coontail Ceratophyllum demersum 100 
26 - Coontail Ceratophyllum demersum 100 
27 - Coontail Ceratophyllum demersum 100 
28 - Coontail Ceratophyllum demersum 100 

Appendix A4 – Macrophyte Communities A4-2 Hatfield 
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Table А4.4 


Percent cover of macrophyte species in the littoral zone of No Net Loss 


Lake, Fort Hills Oil Sands Project, July 18, 2018 (Transect LZ4). 


ecce ME ps Common Name Botanical Name Percent Cover 
0 0.25 Water Sedge Carex aquatilis 20 

0 0.25 Cypress like sedge Carex pseudocyperus 20 

0 0.25 Willow sp. Salix sp. 1 

0 0.25 Alder sp. Alnus sp. 1 

1 0.34 Algae sp. - 5 

2 0.42 Coontail Ceratophyllum demersum 2 

3 0.54 Coontail Ceratophyllum demersum 5 

4 0.76 Coontail Ceratophyllum demersum 5 

5 0.85 Coontail Ceratophyllum demersum 5 

6 1 Coontail Ceratophyllum demersum 10 

7 1.16 Coontail Ceratophyllum demersum 90 

8 1.16 Coontail Ceratophyllum demersum 100 

9 - Coontail Ceratophyllum demersum 100 
10 - Coontail Ceratophyllum demersum 100 
11 - Coontail Ceratophyllum demersum 100 
12 - Coontail Ceratophyllum demersum 100 
13 - Coontail Ceratophyllum demersum 100 
14 3 Coontail Ceratophyllum demersum 100 

Table A4.5 Percent cover of macrophyte species in the littoral zone of No Net Loss 


Lake, Fort Hills Oil Sands Project, July 18, 2018 (Transect LZ5). 


Ш ак pea Common Name Botanical Name Percent Cover 
0 0.26 Water sedge Carex aquatilis 5 
0 0.26 Cypress like sedge Carex pseudocyperus 5 
0 0.26 Willow sp. Salix sp. 1 
0 0.26 Cattail Typha latifolia 1 
0 0.26 White Waterbuttercup Ranunculus circinatus 1 
1 0.31 White Waterbuttercup Ranunculus circinatus 1 
1 0.31 Cattail Typha latifolia 1 
2 0.48 White Waterbuttercup Ranunculus circinatus 5 
3 0.57 - - - 
4 0.7 Coontail Ceratophyllum demersum 5 
5 0.82 Coontail Ceratophyllum demersum 10 
6 1 Coontail Ceratophyllum demersum 30 
7 1.2 Coontail Ceratophyllum demersum 90 
7 1.2 White Waterbuttercup Ranunculus circinatus 10 
8 to 22 1.2103  Coontail Ceratophyllum demersum 90 
8 to 22 1.2t03 Narrow leaved pondweed Potamogeton pusillus 10 
Appendix A4 – Macrophyte Communities A4-3 Hatfield 
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Lake, Fort Hills Oil Sands Project, July 18, 2018 (Transect 26). 


Table A4.6 
Transect Station Depth Common Name 
at Plot Centre (m) (m) 
0 0.28 Water Sedge 
0 0.28 Cyppress Like Sedge 
0 0.28 Turned sedge 
0 0.28 Willow sp. 
0 0.28 White Waterbuttercup 
0 0.28 Coontail 
0 0.28 Ribbon-leafed pondweed 
1 0.5 Ribbon-leafed pondweed 
1 0.5 Water Sedge 
1 0.5 Burreed 
1 0.5 Coontail 
2 0.8 White Waterbuttercup 
2 0.8 Coontail 
3 1.04 Coontail 
4 1.15 Coontail 
5 1.15 Coontail 
6 - Coontail 
7 - Coontail 
8 - Coontail 
9 - Coontail 
10 - Coontail 
11 - Coontail 
12 - Coontail 
13 3 Coontail 

Appendix A4 — Macrophyte Communities А4-4 


Botanical Мате 


Carex aquatilis 

Сагех pseudocyperus 
Сагех retrorsa 

Salix sp. 

Ranunculus circinatus 
Ceratophyilum demersum 
Potamogen epihydus 
Potamogen epihydus 
Carex aquatilis 
Sparganium fluctuans 
Ceratophyllum demersum 
Ranunculus circinatus 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 
Ceratophyllum demersum 


Ceratophyllum demersum 


Percent cover of macrophyte species in the littoral zone of No Net Loss 


Percent Cover 


10 
10 
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Table A5.13 White sucker lacustrine habitat suitability model for the NNLL. 


V1 Maximum monthly average turbidity during 1.00 
the year (JTU). 

[Assume that turbidity is not limiting and 
assign 5! = 1.0] 

V2 Weekly average pH during the year under 0.90 8.47 = Average annual pH 

stable conditions. 
[Establish ^ background levels using 
available regional data ог base on site- 
specific monitoring; if data are not available, 
assume not limiting and assign 5! = 1.0] 

V3 Minimum dissolved oxygen levels (mg/L) 1.00 
during May through August in areas of most 
suitable water temperature. 

[Assume not limiting and assign 5! = 1.] 

V4 Average of mean weekly water 1.00 20.09 degrees = average temperature during July 
temperatures (°С) during July and August and August 
(for adults and juveniles). 

V5 Average of mean weekly water 0.50 Assumes spawning in outlet channel, see HSI 
temperatures (?C) during July and August model for the outlet channel. (14.05 degrees = 
(for fry) average temperature in the outlet channel in July 

and August) 

V6 Average of mean weekly water 1.00 Assumes spawning in outlet channel, see HSI 
temperatures (°С) during spawning and model for the outlet channel. (13.37 degrees = 
incubation (April through July) average temperature in the outlet channel April 

through July) 

V11 Littoral spawning substrate. 1.00 Assumes spawning in outlet channel, see HSI 
[The 51 criteria were revised from the model for the outlet channel. 
published model. For boulder, cobble and 
gravel, SI = 1; for sand, SI = 0.5; for clay/silt 
or bedrock, SI = 0.05.) 

Cwa = MIN(V1, V2, V3, V4) 0.90 
CR = [MIN(V3, V5, V6, V11) * MIN(V5, V6, 0.50 Assumes spawning in outlet channel, see HSI 
V7, V8)]? model for the outlet channel. 
HSI = (Сма"Св)!= 0.67 Limiting Variable = Average of mean weekly water 
temperatures during July and August (for fry) 
Appendix A5 – Fish and Fish Habitat Data A5-5 Hatfield 
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Table A5.14 Northern pike lacustrine habitat suitability model Тог the NNLL. 


HSI Values for V1 to V9 based on Inskip (1982) 


V1 


V2 


V3 


V4 


V5 


V6 
V7 


V10 


Ratio of spawning habitat area to summer habitat area. 


[This ratio was determined based on the estimated 
proportion of the area that would be less than 1m 
deep during spring and with aquatic vegetation or 
debris.] 


Drop in water level (m) during embryo and fry stages. 


[/.е., during the period from spawning through to the 
end of June] 


Percent of midsummer area with emergent ог 
submergent aquatic vegetation 


Logo of total dissolved solids concentration in surface 
waters during midsummer 


Least suitable pH in spawning habitat during embryo 
and fry stages 


Average length of frost-free season (days) 


Maximal weekly average temperature (°С) of surface 
waters. 


[Using the warmest week (7 days) of the year, take the 
average of the daily peak temperatures during that 
period.] 


Late winter dissolved oxygen (DO). /f DO is greater 
than 2 mg/L, SI = 1; if DO is less than2 mg/L, SI = 0.5. 
Late winter DO criteria are based on the assumptions 
that if measured late winter DO is greater than the 
indicated concentration, DO is not limiting at any time 
of year, and if measured late winter DO is less than the 
indicated concentration, DO may be limiting in winter 
but not during the open-water period. іп addition, 
since DO is not measured in all areas within a 
watercourse or waterbody, ther may exist some local 
areas where late winter DO is greater than the 
measured concentrations. 


HSI is smallest of above variables 


Limiting Variable 
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0.75 


0.80 


1.00 


1.00 


1.00 


1.00 
1.00 


1.00 


0.75 


Quotient = 0.16, use SI Curve B 
(Inskip 1982) 


Drops approximately 16.3 cm between 
May and June 


Approximately 68% midsummer area 
with emergent or submergent 
vegetation. 


2.18 (From July 2018 PZ1 WQ results) 


pH never goes outside of preferred 
range (6 to 9) 


157 days 


22.54 degrees 


(This is the average of the max temps 
over the hotest week in summer) 


Ratio of Spawning Habitat to Summer Habitat 


Hatfield 
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Table A5.15 Yellow perch lacustrine habitat suitability model Тог the NNLL 


Use HSI documents – Golder (2008) and Kreiger et al. (1983) for specific HSI graphs. 


V1 


v3 


V4 


V5 


V6 


V7 


V8 


V9 


V10 


Percent littoral area during summer. 


Percent cover during summer within littoral 
areas 


Most suitable water temperature within the 
water column during midsummer (adult, 
juvenile and fry). 


Most suitable water temperature within littoral 
areas during spawning and embryo 
development. 

[Take several measurements throughout the 
lake and average them.] 


Minimum dissolved oxygen level at the two 
locations selected for the most suitable 
temperature for variables V4 and V5. 


Degree-days (between 4 and 10*C) from 
October 30 to April 1 

[Not relevant in the region; assign 5! = 1.0] 
pH range during the year. 

[As yellow perch have high acidity tolerance, 
assume not limiting and assign $1=1.0] 


Trophic status of lake or lake section. 


Late winter DO. Should be measured at the 
deepest location in the lake. If DO is greater 
than or equal to 3 mg/L, $1=1; if DO is >1 and 
< 3 mg/L, SI-0.5; if DO is < 1 mg/L, 51=0. 


HSI 


Limiting Variable 


0.70 


0.60 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.60 


40% area < ог equal to 3 m depth. 


Approx 68% cover in areas less than 3 m deep 


Used WQ profile from July - 21.7 degrees 


11.35 - Based on average of WQ measurements 
at 6 LZ sites in May 


Values above 5 mg/L will occur at more than one 
location in the water column at any given time of 
the year 


mesotrophic 


Values above 3 mg/L will occur at more than one 
location in the water column at any given time of 
the year 


Percent cover during summer within littoral areas. 


As noted for the riverine model, variable V7 should be excluded from the analysis by assigning a SI value of 1.0 in all cases. 


Graphs for determining the Sls for each of the remaining variables (except V10) are included in Krieger et al. (1983). The HSI is set 


at the minimum SI value for habitat variables V1 and V3 to V 10. 
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Table А5.41 


сћаппе!. 


White sucker пуеппе habitat suitability model for the NNLL outlet 


Use HSI documents - Golder (2008) and Twomey et al. (1984) for specific HSI graphs. 


V1 


V2 


V3 


V4 


V5 


V6 


V7 


V8 


V9 


V10 


Appendix A5 — Fish and Fish Habitat Data 


Maximum monthly average turbidity during the year 
(JTU). [Assume that turbidity is not limiting and assign 
SI = 1.0] 


Weekly average pH during the year under stable 
conditions. [Establish background levels using available 
regional data or base on site-specific monitoring; if data 
are not available, assume not limiting and assign SI = 
1.0] 


Minimum dissolved oxygen levels (mg/L) during May 
through August in areas of most suitable water 
temperature [Assume not limiting and assign $! = 1.] 


Average of mean weekly water temperatures (°С) during 
July and August (for adults and juveniles). 


Average of mean weekly water temperatures (°С) during 
July and August (for fry) 


Average of mean weekly water temperatures (9C) during 
spawning and incubation (April through July) 


Average riffle velocity (cm/s) during spawning and 
incubation [№ any riffles with suitable spawning 
substrates are present, assign SI = 1; if no riffles with 
suitable spawning substrates are present assign 5! = 


0.5] 


Average riffle depth (cm) during spawning and 
incubation. [/f any riffles with suitable spawning 
substrates are present, assign SI = 1; if no riffles with 
suitable spawning substrates are present assign SI = 


0.5] 

Percent instream and overhanging shoreline cover 
Percent pools during average summer flows 

Cwa = MIN(V1, V2, V3, V4) 


Св = MIN(V5, V6, V7, V8) 


Cc = (V9 + V10y2 
HSI = (Cwa*Cn*Cc)!? 


Limiting Variable 


A5-17 


1.00 


0.90 


1.00 


0.70 


0.35 


0.90 


1.00 


1.00 


1.00 


0.10 


0.70 


0.35 


0.55 
0.51 


8.44 - Average annual pH 


12.1 degrees - average 
temperature during July and 
August 


12.1 degrees = average 
temperature during July and 
August 


11.6 degrees 7 average 
temperature during May through 
July 


5596 (42 % instream cover for fish 
(61-150 mm), 13% overhead cover) 


3 % average across OC-2 and Oc- 
3 HUs 


Assumes spawning in outlet 
channel, see HSI model for the 
outlet channel. 


Percent pools during summer flow 
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Table A5.42 Northern pike riverine habitat suitability model for the NNLL. 


HSI Values for V1 to V9 based on Inskip (1982) 


V1 


V2 


V3 


V4 


V5 


V6 
V7 


V8 


V9 


V10 


Appendix A5 — Fish and Fish Habitat Data 


Ratio of spawning habitat area to summer habitat area [This 
ratio was determined based on the estimated proportion of 
the area that would be less than 1 m deep during spring and 
with aquatic vegetation or debris.] 


Drop in water level (m) during embryo and fry stages. [/.e., 
during the period from spawning through to the end of June] 


Percent of midsummer area with emergent or submergent 
aquatic vegetation 


Log:0 of total dissolved solids concentration in surface 
waters during midsummer 


Least suitable pH in spawning habitat during embryo and fry 
stages 


Average length of frost-free season (days) 


Maximal weekly average temperature (°С) of surface 
waters. [Using the warmest week (7 days) of the year, take 
the average of the daily peak temperatures during that 
period.] 


Area of backwaters, pools or standing water («5 cm/s) 
during summer, as a percent of the total surface area. [The 
habitats with velocities less than 5 cm/s will be assumed to 
include 100% of the areas of all backwaters, pools, flats and 
impoundments plus 2096 of the area of runs (to represent 
low-velocity stream margins within run habitats). If 
insufficient data are available, assign 5! = 1.0] 


Stream gradient (m/km). [Assume reaches with gradients 
»5 m/km have no habitat suitable for northern pike.] 


Late winter dissolved oxygen (DO). /f DO is greater than 2 
mg/L, SI = 1; if DO is less than2 mg/L, SI = 0.5. Late winter 
DO criteria are based on the assumptions that if measured 
late winter DO is greater than the indicated concentration, 
DO is not limiting at any time of year, and if measured late 
winter DO is less than the indicated concentration, DO may 
be limiting in winter but not during the open-water period. In 
addition, since DO is not measured in all areas within a 
watercourse or waterbody, ther may exist some local areas 
where late winter DO is greater than the measured 
concentrations. 


HSI is smallest of above variables 


Limiting Variable 


A5-18 


0.50 


0.89 


1.00 


1.00 


1.00 


1.00 
0.90 


0.30 


0.00 


1.00 


0 


Quotient = 0.35, use SI Симе C 
(Inskip 1982) 


Drops approximately 13.4 cm in 
May and June based on logger 
data 


approximately 50.4 % aquatic 
veg in mid-summer area 


2.28 (From July 2018 TDS 
samples) 


pH never goes outside of 
preferred range (6 to 9) 


157 days 


16.4 degrees (This is the 
average of the max temps over 
the hotest week in summer) 


279^ of area with velocities less 
than 5 cm/s (1695 habitat 

«5 cm/s, plus 2096 of run 
habitat) 


5.6 m per km 


stream gradient 


Hatfield 


000929 


Table A5.43 Yellow perch riverine habitat suitability model for the NNLL outlet 


channel. 


Use HSI documents - Golder (2008) and Kreiger et al. (1983) for 
specific HSI graphs. 


V2 


V3 


V4 


v5 


V6 


V7 


V8 


Percent pool and backwater areas during average 
summer flow. 


Percent cover during summer within pools and 
backwater areas. 


Most suitable water temperature within the water 
column during midsummer (adult, juvenile and fry). 


Most suitable water temperature within pools and 
backwaters during spawning and embryo 
development. 


Minimum dissolved oxygen level at the two locations 
selected for the most suitable temperature for 
variables V4 and V5. 


Degree-days (between 4 and 10°С) from October 30 
to April 1 [Not relevant in the region; assign $! = 1.0] 


pH range during the year. [As yellow perch have 
high acidity tolerance, assume not limiting and 
assign $1=1.0] 


HSI 


Limiting Variable 


0.75 16% of area with velocities less than 
5 cm/s (396 pool habitat plus 1396 of run 
habitat) 

0.90 Approximately 3596 overhead cover in 


the form of brush or woody debris as 
described by Krieger et al. 1983. 


0.20 12.1?C is the average for July and 
August 


1.00 9.9?C average of May water 
temperature. 


1.00 Values above 5 mg/L will occur at more 
than one location in the water column at 
any given time of the year 


1.00 


1.00 


0.20 


Most suitable water temperature during 
midsummer 


As noted for the riverine model, variable V7 should be excluded from the analysis by assigning a SI value of 1.0 in all cases. Graphs 
for determining the 515 for each of the remaining variables (except V10) are included in Krieger et al. (1983). The HSI is set at the 
minimum SI value for habitat variables V1 and V3 to V10. 


Appendix A5 – Fish and Fish Habitat Data 
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A6.0 QUALITY ASSURANCE AND QUALITY CONTROL 
PROCEDURES 


Quality assurance and quality control (QA/QC) is a documentation system used to review and audit data 
management and reporting activities. The objective of the procedures is to confirm to the client that defined 
standards of quality are being achieved. Quality control refers to the specific methodological techniques 
that are implemented within the quality assurance plan. A successfully implemented QA/QC program will 
ensure that field and analytical methods are undertaken in a scientifically-defensible and repeatable 
manner. А variety of quality control procedures were used during implementation of the 2018 No Not Loss 
Lake (NNLL) monitoring program, with the objective of providing incremental checks and balances 
throughout the study design, data collection, data analysis, and reporting. 


A6.1 METHODS 


Hatfield prepared the NNLL Field Protocols manual (Hatfield 2015) for field data collection activities, to 
ensure a standardized approach is used by all personnel undertaking monitoring activities at the NNLL. 
The document identifies the specific methods for sample collection, sample labeling and handling, 
equipment calibration and use, and record-keeping. The sampling manual is reviewed and updated to 
incorporate new or modified monitoring activities on an annual basis. 


In advance of each sampling program, a set of field work instructions (FWI) was provided to and reviewed 
by each field crew member. These documents provided a detailed summary of the sampling tasks to be 
undertaken and the rationale for collecting these data. 


Аб.1.1 Surface Hydrology 


Field activities, including stream discharge measurements and water level surveys, were performed in 
accordance with standard procedures listed in BC MOE (2009) and WSC (2001), and are summarized in 
the NNLL Field Protocols manual (Hatfield 2015). QA/QC tests were conducted on all field equipment prior 
to their use on each field program to decrease sources of error during field measurements. These tests 
include: manufacturer-provided QA/QC tests of all flow meters, as well as performing 2-Peg Tests on survey 
levels used during the field programs. Any field equipment not passing QA/QC tests were calibrated, 
re-checked, or replaced prior to proceeding with field measurements. 


During data collection, every effort was made to ensure 20 discharge measurement verticals were acquired 
and that each vertical represented less than 10% of the total flow for the stream cross section. Surveys of 
water level elevation were conducted such that survey error did not exceed 0.004 m. 


Hydrometric station equipment was also assessed and maintained on a field trip basis, or as necessary. 
Water level sensors at each of the four hydrometric stations, as well as all sensors at the climate station, 
each have a sensor calibration schedule that was followed to ensure collected data are reliable. These 
calibration schedules are based upon the manufacturer's recommendations for each given sensor. 


Data management and production included stringent QA/QC procedures, which also align with BC MOE, 
(2009) and WSC (2001) procedures. This included the checking of all field data by a technician who did not 
collect the data. Water level time series were checked on a monthly basis to ensure completeness of data 
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records, as well as the proper functioning of each ћудготе с station. This was completed using Aquarius 
Time-Series® Version 3.10.71 (Aquatic Informatics) software. Following data management and production, 
all collected and processed data were checked by a senior reviewer before release, and subsequent use. 


A6.1.2 Water Quality 


To assess potential contamination resulting from field collection methods, samples of deionized water were 
prepared in the field, and submitted “blind” to the consulting laboratories for analysis along with the ambient 
water samples. Laboratory-prepared travel blanks were also submitted for each sampling program, to 
identify potential contamination resulting from sample handling and analysis by the laboratories. 


Travel blanks were collected during the winter and summer sampling sessions, while a field blank was 
collected during the spring and fall sampling session. Screening for potentially contaminated samples was 
achieved by comparing field blank results to analytical detection limits. Blanks with analyte (with the 
exception of pH) concentrations below or near the detection limits represent samples that were collected 
and handled properly. Blanks with contaminant concentrations greater than five times the detection limits 
were identified as potentially contaminated during sample collection, shipping, or analysis. 


A review of field and travel blank results was conducted to identify any variables with recurring elevated 
levels, and to determine whether incidences of potential contamination resulted during sample collection 
(је. elevated concentrations in field blanks only); or during laboratory analysis (је. elevated 
concentrations in field and travel blanks or travel blanks only). 


Duplicate samples were collected from station PZ-1 during each sampling session. Duplicate samples were 
taken to assess environmental heterogeneity. Analytical results for duplicate samples were compared, and 
the relative percent difference (RPD, difference between data values/mean of data values, multiplied by 
10096) was calculated for each analyte. RPDs greater than 2096 were noted as potentially unacceptable 
levels of precision. However, because precision decreases as the analyte concentration approaches the 
detection limit, RPDs greater than 20% were considered to be of significance only if analyte concentrations 
in both samples were greater than five times the detection limit. 


In addition to quality control sample analyses, the following field procedures were used to prevent 
contamination during sample collection: 


= All sample bottles were sterilized and provided by the respective analytical laboratories; 
= Sample bottles were kept inside a clean cooler prior to use and while in the boat; 
a Field staff wore powder-free latex gloves while collecting sample water; 


a Prior to sampling, a scrub brush and Liquinox® were used to clean the inside of the composite 
bucket and rinsed thoroughly with ambient water; 


в"  Near-bottom water was collected using a clean, triple-rinsed Van Dorn sampler, with samples 
transferred directly to lab supplied bottles; 


" Care was taken not to disturb sediments during sampling, by avoiding bottom contact with the Van 
Dorn sampler; 
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"= After collecting the composite sample with the Van Dorn, the outside of each sample bottle was 
rinsed with ambient water prior to dipping the sample bottle into the composite bucket; and 


a Dissolved oxygen (DO) titrations were completed in the field, to ensure ҮЗІ meter readings were 
accurate. 


For continuous water quality monitoring, calibration of the datasondes were conducted on a monthly basis 
to ensure accurate measurements were recorded. 


A6.1.3 Sediment Quality 


A number of procedures were followed in the field to prevent sediment sample contamination. Before 
sample collections, all equipment (spoons, pans, dredge) were cleaned using four steps: 


1. Equipment was cleaned with a metals-free soap (i.e., Liquinox$); 
2. Equipment was rinsed with environmental-grade hexane; 


3. Equipment was rinsed with environmental-grade acetone (these steps remove any organic 
residues); and 


4. Equipment was rinsed three times with ambient water (i.e., lake water). 


Only grab samples that did not contain large, foreign objects, obtained an adequate penetration depth, and 
were not over filled or leaking, were used. Sediments were transferred directly from the dredge to a pan, 
where they were homogenized with a large spoon. All sampling equipment that came in direct contact with 
the sample was constructed from stainless steel. As an additiona! precaution, staff wore powder-free latex 
gloves throughout the equipment cleaning and sample collection process. 


A duplicate sample was taken at the pelagic station to assess environmental heterogeneity. Analytical 
results for duplicate samples were compared, and the RPD was calculated for each analyte. 


A6.1.4 Benthic Invertebrate Communities 


Field methods used for invertebrate collection followed accepted methods for environmental effects 
monitoring (Environment Canada 2010). 


Taxonomic samples were sorted and identified by Dr. Jack Zloty of Summerland, BC. Laboratory methods 
used by Dr. Zloty in 2018 included resorting of 5% of samples from the No Net Loss Lake monitoring 
program, as a confirmation of the overall sorting efficiency of all samples. In 2018, one sample from the 
littoral zone, and one from the pelagic zone were re-sorted. Sorted portions were verified by an independent 
analyst. As a result of large volumes of organic material and low abundance in some samples collected 
from depositional areas, a minimum removal efficiency of 90% was considered acceptable. This objective 
is considered acceptable by Environment Canada under current Environmental Effects Monitoring (EEM) 
strategies (Environment Canada 2010). 
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A6.1.5 Data Management 


Quality control procedures for data entry and analysis included a 100% re-check on all hardcopy data, to 
ensure accurate transcription from field data sheets to digital formats. Data were also displayed graphically 
to visually assess for the presence of outliers caused by field data transcription errors. 


Hatfield has developed a Quality System Procedure (QSP) for data transcribed from laboratory reports 
whereby a random sample of transcribed data points is checked against the laboratory report. This QSP 
includes a standard formula for determining the appropriate number of data points to be checked, with the 
aim of obtaining an error rate of no more than 2%. If more than 2% of the data is erroneous, the errors are 
corrected and the process repeated until an error rate of less than 2% is achieved. 


A6.2 RESULTS 
A6.2.1 Water Quality 


A6.2.1.1 Trip and Field Blanks 


A trip blank or a field blank was collected and analyzed during each sampling event at the NNLL 
(Table A6.1 and Table A6.2). There were no concentrations that were greater than five times the detection 
limit in any of the trip blanks or field blanks. 


Table A6.1 Concentrations of water quality variables in trip blanks collected during the 
No Net Loss Lake Monitoring Program, Fort Hills Oil Sands Project, 2018. 


Detection Concentrations in Trip Blank 
Variable Unit 5 8 
Limit 14-Mar-18 19-Jul-18 
Conventional Variables 
Alkalinity, Phenolphthalein (as CaCOs) mg/L 2 «2.0 «2.0 
Alkalinity, Total (as CaCOs) mg/L 20r5 «20 «2.0 
Color, True C.U. 2 «2.0 «2.0 
Conductivity (EC) uS/cm 2 <2.0 <2.0 
Dissolved Organic Carbon mg/L 1 <1.0 <1.0 
Hardness (as СаСОз) mg/L 1.3 «1.3 «1.0 
pH pH 0.1 
Total Dissolved Solids mg/L 10 «10.0 «10.0 
Total Organic Carbon mg/L 1 «1.0 «1.0 
Total Suspended Solids mg/L 3 «3.0 «3.0 
Dissolved Metals 
Aluminum (Al) mg/L 0.001 «0.001 «0.001 
Antimony (Sb) mg/L 0.00001 «0.00001 «0.00001 
Arsenic (As) mg/L 0.00005 «0.00005 «0.00005 
Barium (Ba) mg/L 0.0001 «0.0001 «0.0001 
Beryllium (Be) mg/L 0.000005 «0.000005 «0.000005 
Analytics » 5 times the detection limit. 
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Table Аб.1 (Cont'd.) 


Detection Concentrations in Trip Blank 
Variable Unit rod ——————— 
Limit 14-Mar-18 19-Jul-18 
Dissolved Metals (Cont'd.) 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 
Boron (B) mg/L 0.005 «0.005 0.0085 
Cadmium (Cd) mg/L 0.000005 «0.000005 «0.000005 
Calcium (Ca) mg/L 0.05 «0.05 «0.05 
Cesium (Cs) mg/L 0.000005 «0.000005 «0.000005 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.00005 
Copper (Cu) mg/L 0.0002 «0.0002 «0.0002 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 
Iron (Fe) mg/L 0.03 «0.03 «0.03 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 
Lithium (Li) mg/L 0.0002 «0.0002 «0.0002 
Magnesium (Mg) mg/L 0.1 «0.1 «0.1 
Manganese (Mn) mg/L 0.0002 «0.0002 «0.0002 
Mercury (Hg) ug/L 0.0005 «0.0005 «0.0005 
Methyl Mercury pg/L 0.00005 <0.00005 <0.00002 
Molybdenum (Mo) mg/L 0.00005 <0.00005 <0.00005 
Nickel (Ni) mg/L 0.0002 <0.0002 <0.0002 
Phosphorus (P) mg/L 0.3 <0.3 <0.3 
Potassium (К) mg/L 2 <2.0 <2.0 
Rhenium (Re) mg/L 0.000005 <0.000005 <0.000005 
Rubidium (Rb) mg/L 0.00002 <0.00002 <0.00002 
Selenium (Se) mg/L 0.0002 <0.0002 <0.0002 
Silicon (Si) mg/L 0.05 <0.05 <0.05 
Silver (Ад) mg/L 0.000005 <0.000005 <0.000005 
Sodium (Na) mg/L 2 <2.0 <2.0 
Strontium (Sr) mg/L 0.00005 <0.00005 <0.00005 
Tellurium (Те) mg/L 0.00001 «0.00001 «0.00001 
Thallium (TI) mg/L 0.000002 «0.000002 «0.000002 
Thorium (Th) mg/L 0.000005 «0.000005 «0.000005 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 
Uranium (U) mg/L 0.000002 «0.000002 «0.000002 
Vanadium (V) mg/L 0.00005 «0.00005 «0.00005 
Yttrium (Y) mg/L 0.000005 «0.000005 «0.000005 
Analytics » 5 times the detection limit. 
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Table Аб.1 (Cont'd.) 


Variable 


Dissolved Metals (Cont'd.) 
Zinc (Zn) 
Zirconium (Zr) 

General Organics 
Benzene 
Ethylbenzene 
F1(C6-C10) 
F1-BTEX 
F2 (»C10-C16) 
F3 (C16-C34) 

F4 (C34-C50) 
Oil & Grease-(IR) 


Hydrocarbons, Recoverable (І.К.) 


m+p-Xylene 
Naphthenic Acids 
o-Xylene 
Phenols (4AAP) 
Toluene 
Xylenes 
Major lons 
Bicarbonate (НСОз) 
Calcium (Ca) 
Carbonate (COs) 
Chloride (Cl) 
Hydroxide (OH) 
Magnesium (Mg) 
Potassium (K) 
Sodium (Na) 
Sulfate (504) 
Sulphide (as 5) 
Nutrients and BOD 
Ammonia, Total (as N) 
Biochemical Oxygen Demand 
Nitrate (as N) 
Nitrate and Nitrite (as N) 
Nitrite (as N) 
Phosphorus (P)-Total 


Analytics > 5 times the detection limit. 
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Unit 


mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


A6-6 


Detection 


Limit 


0.001 
0.00005 


0.0005 
0.0005 
0.1 
0.1 
0.1 
0.25 


0.0005 
1 
0.0005 
0.001 
0.0005 
0.00071 


14-Mar-18 


«0.001 
«0.00005 


«0.0005 
«0.0005 
«0.1 
«0.1 
«0.1 
«0.25 
«0.25 
«1.0 
«1.0 
«0.0005 
«1.0 
«0.0005 
«0.001 
«0.0005 
«0.00071 


«5.0 
«0.5 
«5.0 
«0.5 
«5.0 
«0.1 
«0.5 
«1.0 
«0.3 
«0.0015 


«0.05 
«2.0 
«0.01 
«0.022 
«0.01 
«0.001 


Concentrations in Trip Blank 


19-Jul-18 


0.002 
«0.00005 


«0.0005 
«0.0005 
«0.1 
«0.1 
«0.1 
«0.25 
«0.25 
«1.0 
«1.0 
«0.0005 
«1.0 
«0.0005 
«0.001 
«0.0005 
«0.00071 


«5.0 
«0.5 
«5.0 
«0.5 
«5.0 
«0.1 
«0.5 
«1.0 
«0.3 
«0.0015 


«0.05 
«2.0 
«0.01 
«0.022 
«0.01 
«0.001 
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Table Аб.1 (Cont'd.) 


| Detection Concentrations in Trip Blank 
Variable Unit а. ——MM—M—À 
Limit 14-Mar-18 19-Jul-18 
Nutrients and BOD (Cont'd.) 
Phosphorus (P)-Total Dissolved mg/L 0.001 «0.001 «0.001 
Total Kjeldahl Nitrogen mg/L 0.2 «0.2 «0.2 
Polycyclic Aromatic Hydrocarbons 
1-Methylnaphthalene ug/L 0.02 <0.02 <0.02 
2-Methylnaphthalene ug/L 0.02 «0.02 «0.02 
Acenaphthene ug/L 0.02 <0.02 <0.02 
Acenaphthylene ug/L 0.02 <0.02 <0.02 
Acridine ug/L 4 or 12 <4.0 <4.0 
Anthracene ug/L 0.012 <0.012 <0.012 
Benzo(a)anthracene ug/L 0.018 <0.018 <0.018 
Benzo(a)pyrene ug/L 0.005 <0.005 <0.005 
Benzo(b)fluoranthene ug/L 0.02 <0.02 <0.02 
Benzo(g,h,i)perylene ug/L 0.02 <0.02 <0.02 
Benzo(k)fluoranthene ug/L 0.02 <0.02 <0.02 
Chrysene ug/L 0.02 «0.02 «0.02 
Dibenzo(ah)anthracene ug/L 0.02 «0.02 «0.02 
Fluoranthene ug/L 0.02 <0.02 <0.02 
Fluorene нал. 0.02 <0.02 <0.02 
Indeno(1,2,3-cd)pyrene | pg/L 0.02 <0.02 <0.02 
Naphthalene ug/L 0.05 <0.05 <0.05 
Phenanthrene ug/L 0.02 <0.02 <0.02 
Pyrene g/L 0.02 <0.02 <0.02 
Quinoline ug/L 0.04 <0.04 <0.04 
Total Metals 
Aluminum (Al) mg/L 0.003 <0.003 <0.003 
Antimony (Sb) mg/L 0.00003 <0.00003 <0.00003 
Arsenic (As) mg/L 0.00005 <0.00005 <0.00005 
Barium (Ba) mg/L 0.0001 <0.0001 <0.0001 
Beryllium (Be) mg/L 0.000005 <0.000005 <0.000005 
Bismuth (Bi) mg/L 0.00005 <0.00005 <0.00005 
Boron (B) mg/L 0.01 <0.01 <0.01 
Cadmium (Cd) mg/L 0.000005 <0.000005 <0.000005 
Calcium (Ca) mg/L 0.05 <0.05 <0.05 
Cesium (Cs) mg/L 0.000005 <0.000005 <0.000005 
Chromium (Cr) mg/L 0.0005 <0.0005 <0.0005 
Cobalt (Co) mg/L 0.00005 <0.00005 <0.00005 
Analytics > 5 times the detection limit. 
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Table A6.1 (Cont'd.) 


Detection Concentrations in Trip Blank 
Variable Unit Me — ——— 
Limit 14-Mar-18 19-Jul-18 
Total Metals (Cont'd.) 
Copper (Cu) mg/L 0.0005 «0.0005 «0.0005 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 
Iron (Fe) mg/L 0.03 «0.03 «0.03 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 
Lithium (Li) mg/L 0.0004 «0.0004 «0.0004 
Magnesium (Mg) mg/L 0.1 «0.1 «0.1 
Manganese (Mn) mg/L 0.0002 «0.0002 «0.0002 
Mercury (Hg) ug/L 0.0005 «0.0005 «0.0005 
Methyl Mercury ug/L 0.00005 «0.00005 «0.00002 
Molybdenum (Mo) mg/L 0.00005 «0.00005 «0.00005 
Nickel (Ni) mg/L 0.0002 «0.0002 «0.0002 
Phosphorus (P) mg/L 0.3 «0.3 «0.3 
Potassium (K) mg/L 2 «2.0 «2.0 
Rhenium (Re) mg/L 0.000005 «0.000005 «0.000005 
Rubidium (Rb) mg/L 0.00002 «0.00002 «0.00002 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 
Silicon (Si) mg/L 0.05 «0.10 «0.10 
Silver (Ag) mg/L 0.000005 «0.000005 «0.000005 
Sodium (Na) mg/L 2 «2.0 «2.0 
Strontium (Sr) mg/L 0.0002 0.0002 0.0002 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 
Thallium (TI) mg/L 0.000005 «0.000005 «0.000005 
Thorium (Th) mg/L 0.000005 «0.000005 «0.000005 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 
Uranium (U) mg/L 0.000002 «0.000002 «0.000002 
Vanadium (V) mg/L 0.00005 «0.00005 «0.00005 
Yttrium (Y) mg/L 0.000005 «0.000005 «0.000005 
Zinc (Zn) mg/L 0.003 «0.003 «0.003 
Zirconium (Zr) mg/L 0.00005 «0.00005 «0.00005 
Analytics > 5 times the detection limit. 
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Table A6.2 Concentrations of water quality variables in field blanks collected during 
the No Net Loss Lake Monitoring Program, Fort Hills Oil Sands Project, 


2018. 
Usable Tr Detection Concentrations in Field Blank 
Limit 11-May-18 19-Sep-18 

Conventional Variables 
Alkalinity, Phenolphthalein (as CaCOs) mg/L 2 «2.0 «2.0 
Alkalinity, Total (as CaCOs) mg/L 2 «20 «2.0 
Color, True C.U. 2 «2.0 «2.0 
Conductivity (EC) uS/cm 2 «20 «2.0 
Dissolved Organic Carbon mg/L 1 «1.0 «1.0 
Hardness (as СаСОз) mg/L 0.5 or 1.3 «1.0 «1.0 
pH pH units 0.1 5.09 5.73 
Total Dissolved Solids mg/L 10 «10.0 «10.0 
Total Organic Carbon mg/L 1 «1.0 «1.0 
Total Suspended Solids mg/L 3 «3.0 «3.0 

Dissolved Metals 
Aluminum (Al) mg/L 0.001 «0.001 «0.001 
Antimony (Sb) mg/L 0.00001 «0.00001 «0.00001 
Arsenic (As) mg/L 0.00005 «0.00005 «0.00005 
Barium (Ba) mg/L. 0.0001 «0.0001 «0.0001 
Beryllium (Be) mg/L 0.000005 «0.000005 «0.000005 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 
Boron (B) mg/L 0.005 «0.005 «0.005 
Cadmium (Cd) mg/L 0.000005 «0.000005 «0.000005 
Calcium (Ca) mg/L 0.05 «0.05 «0.05 
Cesium (Cs) mg/L 0.000005 «0.000005 «0.000005 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.00005 
Copper (Cu) mg/L 0.0002 «0.0002 «0.0002 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 
Iron (Fe) mg/L 0.03 «0.03 «0.03 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 
Lithium (Li) mg/L 0.0002 «0.0002 «0.0002 
Magnesium (Mg) mg/L 0.1 «0.1 «0.1 
Manganese (Mn) mg/L 0.0002 «0.0002 «0.0002 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 
Methyl Mercury ug/L 0.00002 <0.00002 <0.00002 
Molybdenum (Mo) mg/L 0.00005 «0.00005 «0.00005 
Nickel (Ni) mg/L 0.0002 «0.0002 «0.0002 

Analytics » 5 times the detection limit. 
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Table A6.2 (Cont'd.) 


Variable 


Conventional Variables (Cont'd.) 


Phosphorus (P) 
Potassium (K) 
Rhenium (Re) 
Rubidium (Rb) 
Selenium (Se) 
Silicon (Si) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 
Tellurium (Te) 
Thallium (TI) 
Thorium (Th) 
Tin (Sn) 
Titanium (Ti) 
Tungsten (W) 
Uranium (U) 
Vanadium (V) 
Yttrium (Y) 
Zinc (Zn) 
Zirconium (Zr) 
General Organics 
Benzene 
Ethylbenzene 
F1(C6-C10) 
F1-BTEX 
F2 (»C10-C16) 
F3 (C16-C34) 
F4 (C34-C50) 
Oil & Grease-(IR) 


Hydrocarbons, Recoverable (І.К.) 


m+p-Xylene 
Naphthenic Acids 
o-Xylene 
Phenols (4AAP) 
Toluene 


Xylenes 


Analytics > 5 times the detection limit. 
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Unit 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


A6-10 


Detection 
Limit 


0.3 
2 
0.000005 
0.00002 
0.0002 
0.05 
0.000005 
2 
0.00005 
0.00001 
0.000002 
0.000005 
0.0002 
0.0002 
0.00001 
0.000002 
0.00005 
0.000005 
0.001 
0.00005 


0.0005 
0.0005 
0.1 
0.1 
0.1 


0.0005 
1 
0.0005 
0.001 
0.0005 
0.00071 


Concentrations in Field Blank 


11-May-18 19-Sep-18 
«0.3 «0.3 
«2.0 «2.0 
«0.000005 «0.000005 
«0.00002 «0.00002 
«0.0002 «0.0002 
«0.05 «0.05 
0.000005 «0.000005 
«2.0 «2.0 
«0.00005 «0.00005 
«0.00001 «0.00001 
«0.000002 «0.000002 
«0.000005 «0.000005 
«0.0002 «0.0002 
«0.0002 «0.0002 
«0.00001 «0.00001 
«0.000002 «0.000002 
0.00005 «0.00005 
«0.000005 «0.000005 
«0.001 «0.001 
«0.00005 «0.00005 
«0.0005 «0.0005 
«0.0005 «0.0005 
«0.1 «0.1 
«0.1 «0.1 
«0.1 «0.1 
«0.25 «0.25 
«0.25 «0.25 
«1.0 «1.0 
«1.0 «1.0 
«0.0005 «0.0005 
1.2 1.0 
«0.0005 «0.0005 
0.0010 «0.001 
«0.0005 «0.0005 
«0.00071 «0.00071 
Hatfield 
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Table A6.2 (Cont'd.) 


| Detection Concentrations in Field Blank 
Variable Unit m a aa 
Limit 11-May-18 19-Sep-18 
Major lons 
Bicarbonate (НСОз) mg/L 5 <5.0 <5.0 
Calcium (Ca) mg/L 0.5 «0.5 «0.5 
Carbonate (CO3) mg/L 5 «5.0 «5.0 
Chloride (CI) mg/L 0.5 «0.5 «0.5 
Hydroxide (OH) mg/L 5 «5.0 «5.0 
Magnesium (Mg) mg/L 0.1 «0.1 «0.1 
Potassium (K) mg/L 0.5 «0.5 «0.1 
Sodium (Na) mg/L 1 «0.5 «0.5 
Sulfate (SO4) mg/L 0.3 «0.3 «1.0 
Sulphide (as S) mg/L 0.0015 «0.0015 «0.0015 
Nutrients and BOD 
Ammonia, Total (as N) mg/L 0.05 «0.05 «0.05 
Biochemical Oxygen Demand mg/L 2 «2.0 «2.0 
Nitrate (as N) mg/L 0.02 «0.02 «0.02 
Nitrate and Nitrite (as N) mg/L 0.022 «0.022 «0.022 
Nitrite (as N) mg/L 0.01 «0.02 «0.01 
Phosphorus (P)-Total mg/L 0.001 «0.001 «0.001 
Phosphorus (P)-Total Dissolved mg/L 0.001 «0.001 0.0015 
Total Kjeldahl Nitrogen mg/L 0.2 «0.2 «0.2 
Polycyclic Aromatic Hydrocarbons 
1-Methylnaphthalene ug/L 0.02 <0.02 <0.02 
2-Methyinaphthalene pg/L 0.02 <0.02 <0.02 
Acenaphthene pg/L 0.02 <0.02 <0.02 
Acenaphthylene ug/L 0.02 «0.02 «0.02 
Acridine ug/L 4 <4.0 <4.0 
Anthracene ug/L 0.012 <0.012 <0.012 
Benzo(a)anthracene ug/L 0.018 <0.018 <0.018 
Benzo(a)pyrene ug/L 0.005 <0.005 <0.005 
Benzo(b)fluoranthene ug/L 0.02 <0.02 <0.02 
Benzo(g,h,i)perylene ug/L 0.02 <0.02 <0.02 
Benzo(k)fluoranthene pg/L 0.02 <0.02 <0.02 
Chrysene ug/L 0.02 <0.02 <0.02 
Dibenzo(ah)anthracene ug/L 0.02 <0.02 <0.02 
Fluoranthene ug/L 0.02 «0.02 «0.02 
Fluorene ug/L, 0.02 <0.02 <0.02 
Indeno(1,2,3-cd)pyrene ug/L 0.02 «0.02 «0.02 
Analytics > 5 times the detection limit. 
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Table A6.2 (Cont'd.) 


Detection Concentrations in Field Blank 
Variable Unit mob ————O— 

Limit 11-May-18 19-Sep-18 
Naphthalene ug/L 0.05 «0.05 «0.05 
Phenanthrene ug/L 0.02 «0.02 «0.02 
Pyrene ug/L 0.02 <0.02 <0.02 
Quinoline ug/L 0.04 «0.04 «0.04 

Total Metals 
Aluminum (А!) mg/L 0.003 «0.003 «0.003 
Antimony (Sb) mg/L 0.00003 «0.00003 «0.00003 
Arsenic (As) mg/L 0.00005 «0.00005 «0.00005 
Barium (Ba) mg/L 0.0001 «0.000100 0.00019 
Beryllium (Be) mg/L 0.000005 «0.000005 «0.000005 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 
Boron (B) mg/L 0.01 «0.01 «0.01 
Cadmium (Cd) mg/L 0.000005 «0.000005 «0.000005 
Calcium (Ca) mg/L 0.05 «0.05 «0.05 
Cesium (Cs) mg/L 0.000005 «0.000005 «0.000005 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.00005 
Copper (Cu) mg/L 0.0005 «0.0005 «0.0005 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 
Iron (Fe) mg/L 0.03 «0.03 «0.03 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 
Lithium (Li) mg/L 0.0004 «0.0004 «0.0004 
Magnesium (Mg) mg/L 0.1 «0.1 «0.1 
Manganese (Mn) mg/L 0.0002 «0.0002 «0.0002 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 
Methyl Mercury ug/L 0.00002 «0.00002 «0.00002 
Molybdenum (Mo) mg/L 0.00005 «0.00005 «0.00005 
Nickel (Ni) mg/L 0.0002 «0.0002 «0.0002 
Phosphorus (P) mg/L 0.3 «0.3 «0.3 
Potassium (K) mg/L 2 «2.0 «2.0 
Rhenium (Re) mg/L 0.000005 «0.000005 «0.000005 
Rubidium (Rb) mg/L 0.00002 «0.00002 «0.00002 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 
Silicon (Si) mg/L 0.05 «0.10 «0.10 
Silver (Ag) mg/L 0.000005 <0.000005 <0.000005 
Sodium (Na) mg/L 2 <2.0 <2.0 
Strontium (Sr) mg/L 0.0002 <0.000200 <0.000200 
Analytics > 5 times the detection limit. 
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Table A6.2 (Cont’d.) 


р Detection Concentrations in Field Blank 
Variable Unit ~: = 
Limit 11-May-18 19-Sep-18 
Total Metals (Cont'd.) 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 
Thallium (ТІ) mg/L 0.000005 «0.000005 «0.000005 
Thorium (Th) mg/L 0.000005 «0.000005 «0.000005 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 
Uranium (U) mg/L 0.000002 «0.000002 «0.000002 
Vanadium (V) mg/L 0.00005 «0.00005 «0.00005 
Yttrium (Y) mg/L 0.000005 «0.000005 «0.000005 
Zinc (Zn) mg/L 0.003 «0.003 «0.003 
Zirconium (Zr) mg/L 0.00005 «0.00005 «0.00005 
Analytics » 5 times the detection limit. 
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A6.2.1.2 Field Duplicates 


Duplicate samples were collected at station PZ1 for all sampling events. Potential water quality 


contamination issues were identified during the winter, spring and summer sampling programs. Dissolved 


manganese, 2-methylnaphthalene, and naphthalene in winter, dissolved and total manganese in spring, and 
tota! phosphorus in summer differed by more than 2096 between duplicate samples where both 


concentrations were more than five times the detection limit. 


Potential sources of contamination were not apparent as field crews adhered to relevant SOPs for the 
collection of water quality samples and results of field blank analysis indicated that contamination due 


sampling procedures was unlikely. 


Internal QA/QC results from ALS Laboratories did not indicate obvious contamination issues; therefore, 
water quality results from 2018 were considered valid and accurate (Table A6.3 to Table A6.6). 


Table A6.3 Relative percent difference between duplicate water quality samples 
collected from station PZ1, winter 2018, Fort Hills Oil Sands Project. 


Variable Unit 


Conventional Variables 


Alkalinity, Phenolphthalein (as СаСОз) mg/L 
Alkalinity, Total (as CaCOs) mg/L 
Color, True C.U. 

Conductivity (EC) uS/cm 
Dissolved Organic Carbon mg/L 
Hardness (as СаСОз) mg/L 
pH pH 

Total Dissolved Solids mg/L 
Total Organic Carbon mg/L 
Total Suspended Solids mg/L 

Dissolved Metals 

Aluminum (А!) mg/L 
Antimony (Sb) mg/L 
Arsenic (As) mg/L 
Barium (Ba) mg/L 
Beryllium (Be) mg/L 
Bismuth (Bi) mg/L 
Boron (B) mg/L 
Cadmium (Cd) mg/L 
Calcium (Ca) mg/L 
Cesium (Cs) mg/L 
Chromium (Cr) mg/L 


Detection Winter 
mit Р21 Duplicate 
<2.0 <20 
168 170 
2 5.7 49 
0.2 327 327 
1 37 3.6 
13 153 158 
0.1 8.19 8.17 
20 191 193 
31 29 
3 46 49 
0.001 «0.001 «0.001 
0.000041 ^ «0.000041 0.00001 
0.00005 0.00016 0.000154 
0.0001 0.0809 0.0949 
0.000005 <0.000005 <0.000005 
0.00005 <0.00005 <0.00005 
0.005 0.0244 0.0264 
0.000005 _ <0.000005 <0.000005 
0.05 46 50.0 
0.000005 <0.000005 <0.000005 
0.0005 <0.0005 <0.0005 


: Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 


E Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 


Appendix A6 — Quality Assurance 
and Quality Control Procedures 


A6-14 


Relative 
Percent 
Difference (96) 


0.00 

1.18 
15.09 
0.00 

2.74 

3.22 

0.24 

1.04 

6.67 

6.32 


0.00 
0.00 
3.82 
15.93 
0.00 
0.00 
7.87 
0.00 
8.33 
0.00 
0.00 
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Table A6.3 (Cont'd.) 


Variable Unit Detection И. и 
Р21 Duplicate Difference (%) 

Dissolved Metals (Cont'd.) 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.00005 0.00 
Copper (Cu) mg/L 0.0002 «0.0002 «0.0002 0.00 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 «0.03 «0.03 0.00 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0002 0.00463 0.00519 11.41 
Magnesium (Mg) mg/L 0.1 9.22 9.39 1.83 
Manganese (Mn) mg/L 0.0002 0.00144 0.00197 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Мојубдепит (Мо) mg/L 0.00005 «0.00005 «0.00005 0.00 
Nickel (Ni) mg/L 0.00005 0.000148 0.00016 7.79 
Phosphorus (P) mg/L 0.0002 «0.0002 «0.0002 0.00 
Potassium (K) mg/L 0.3 «0.3 «0.3 0.00 
Rhenium (Re) mg/L 2 «2.0 «2.0 0.00 
Rubidium (Rb) mg/L 0.000005 «0.000005 — «0.000005 0.00 
Selenium (Se) mg/L 0.00002 0.000835 0.000954 13.30 
Silicon (Si) mg/L 0.0002 «0.0002 «0.0002 0.00 
Silver (Ag) mg/L 0.05 5.48 5.49 0.18 
Sodium (Na) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Strontium (Sr) mg/L 2 3.2 3.4 6.06 
Tellurium (Te) mg/L 0.00005 0.0833 0.0836 0.36 
Thallium (ТІ) mg/L 0.00001 «0.00001 «0.00001 0.00 
Thorium (Th) mg/L 0.000002 — «0.000004 — «0.000004 0.00 
Tin (Sn) mg/L 0.000005 _ «0.000005 . «0.000005 0.00 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 0.00 
Tungsten (W) mg/L 0.0002 «0.0002 «0.0002 0.00 
Uranium (U) mg/L 0.00001 «0.00001 «0.00001 0.00 
Vanadium (V) mg/L 0.000002 0.0000781 0.0000777 0.51 
Yttrium (Y) mg/L 0.00005 «0.00005 «0.000050 0.00 
Zinc (Zn) mg/L 0.000005 «0.000005 — «0.000005 0.00 
Zirconium (Zr) mg/L 0.001 «0.001 «0.001 0.00 

General Organics 
Benzene mg/L 0.0005 «0.0005 «0.0005 0.00 
Ethylbenzene mg/L 0.0005 «0.0005 «0.0005 0.00 
F1(C6-C10) mg/L 0.1 «0.1 «0.1 0.00 

ЕСІН Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.3 (Cont'd.) 


Variable 


General Organics (Cont'd.) 
F1-BTEX 
F2 (»C10-C16) 
F3 (C16-C34) 
F4 (C34-C50) 


Hydrocarbons, Recoverable (І.К.) 


Oil & Grease-(IR) 
m+p-Xylene 
Naphthenic Acids 
o-Xylene 
Phenols (4AAP) 
Toluene 
Xylenes 
Major lons 
Bicarbonate (НСОз) 
Caicium (Ca) 
Сагропаје (СОз) 
Chloride (СІ) 
Hydroxide (OH) 
Magnesium (Mg) 
Potassium (K) 
Sodium (Na) 
Sulfate (SO4) 
Sulphide (as S) 
Nutrients and BOD 
Ammonia, Total (as N) 
Biochemical Oxygen Demand 
Chlorophyll a 
Nitrate (as N) 
Nitrate and Nitrite (as N) 
Nitrite (as N) 
Phosphorus (P)-Total 


Phosphorus (P)-Total Dissolved 


Total Kjeldahl Nitrogen 


Polycyclic Aromatic Hydrocarbons 


1-Methyinaphthalene 


EN Analytes differ by » 2096 between duplicates but 1 or both concentrations are « 5 times the detection limit. 


Unit 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
pg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


ug/L 


Detection 
Limit 


1 
0.0005 
1 
0.0005 
0.001 
0.0005 
0.00071 


0.02 


Winter 
PZ1 Duplicate 
<0.1 <0.1 
<0.10 <0.10 
<0.25 <0.25 
<0.25 <0.25 
<1.0 <1.0 
<1.0 <1.0 
<0.0005 <0.0005 
<1.0 <1.0 
<0.0005 <0.0005 
<0.001 <0.0010 
<0.0005 <0.0005 
<0.00071 <0.00071 
205 208 
47.3 47.8 
<5.0 <5.0 
<0.50 0.72 
<5.0 <5.0 
9.12 9.43 
1.01 1.02 
3.6 3.6 
9.85 9.92 
<0.0015 <0.0015 
<0.05 <0.05 
<2.0 <2.0 
0.271 0.282 
<0.02 <0.02 
<0.022 <0.022 
<0.01 <0.01 
0.0109 0.0113 
0.0074 0.0077 
<0.2 <0.2 
0.091 0.067 


LEM Analytes differ by > 20% between duplicates and concentrations аге > 5 times the detection limit. 
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Relative 
Percent 
Difference (%) 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


1.45 
1.05 
0.00 
36.07 
0.00 
3.34 
0.99 
0.00 
0.71 
0.00 


0.00 
0.00 
3.98 
0.00 
0.00 
0.00 
3.60 
3.97 
0.00 


30.38 
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Table A6.3 (Cont'd.) 


% Winter Relative 
Variable Unit д ЕЕ Percent 
Р21 Duplicate Difference (%) 


Polycyclic Aromatic Hydrocarbons (Cont'd.) 


2-Methylnaphthalene ug/L 0.02 0.157 0.115 


Acenaphthene ug/L 0.02 <0.02 <0.02 0.00 
Acenaphthylene ug/L 0.02 <0.02 <0.02 0.00 
Acridine ug/L 4 «4.0 «4.0 0.00 
Anthracene ug/L 0.012 <0.012 <0.012 0.00 
Benzo(a)anthracene ug/L 0.018 <0.018 <0.018 0.00 
Benzo(a)pyrene ug/L 0.005 0.0052 0.0068 26.67 
Benzo(b}fluoranthene ug/L 0.02 <0.02 <0.02 0.00 
Benzo(g,h,i)perylene ug/L 0.02 <0.02 <0.02 0.00 
Benzo(k)fluoranthene ug/L 0.02 <0.02 <0.02 0.00 
Chrysene ug/L 0.02 <0.02 <0.02 0.00 
Dibenzo(ah)anthracene ug/L 0.02 <0.02 <0.02 0.00 
Fluoranthene ug/L 0.02 <0.02 <0.02 0.00 
Fluorene ug/L 0.02 «0.02 «0.02 0.00 
Indeno(1,2,3-cd)pyrene ug/L 0.02 <0.02 <0.02 0.00 
Naphthalene ug/L 0.05 0.342 0.251 
Phenanthrene ug/L 0.02 <0.02 <0.02 0.00 
Pyrene ug/L 0.02 <0.02 <0.02 0.00 
Quinoline ug/L 0.04 <0.04 <0.04 0.00 
Total Metals 

Aluminum (А!) mg/L 0.003 0.0066 0.0052 23.73 
Antimony (Sb) mg/L 0.00003 <0.00003 <0.00003 0.00 
Arsenic (As) mg/L 0.00005 0.000175 0.000166 5.28 
Barium (Ba) mg/L 0.0001 0.091 0.0812 11.38 
Beryllium (Be) mg/L 0.000005 <0.00001 <0.00001 0.00 
Bismuth (Bi) mg/L 0.00005 <0.00005 <0.00005 0.00 
Boron (В) mg/L 0.01 0.027 0.023 16.00 
Cadmium (Cd) mg/L 0.000005 <0.000005 <0.000005 0.00 
Calcium (Ca) mg/L 0.05 50.2 48 4.48 
Cesium (Cs) mg/L 0.000005  <0.000005 <0.000005 0.00 
Chromium (Cr) mg/L 0.0005 <0.0005 <0.0005 0.00 
Cobalt (Co) mg/L 0.00005 <0.00005 <0.00005 0.00 
Copper (Cu) mg/L 0.0005 0.00059 0.00050 16.51 
Gallium (ба) mg/L 0.00005 <0.00005 <0.00005 0.00 
Iron (Fe) mg/L 0.03 0.049 0.044 10.75 


à # А Analytes differ бу > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
LEM Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.3 (Cont’d.) 


Variable Unit ја IE = = ми 
Р21 Duplicate Difference (%) 

Total Metals (Cont'd.) 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0004 0.00525 0.00448 15.83 
Magnesium (Mg) mg/L 0.1 10.1 9.7 4.04 
Manganese (Mn) mg/L 0.0002 0.0913 0.0883 3.34 
Mercury (Hg) pg/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury ug/L 0.00005 0.000071 0.000067 5.80 
Molybdenum (Mo) mg/L 0.00005 0.000165 0.000142 14.98 
Nickel (Ni) mg/L 0.0002 0.00029 0.00026 10.91 
Phosphorus (P) mg/L 0.3 «0.3 «0.3 0.00 
Potassium (K) mg/L 2 «2.0 «2.0 0.00 
Rhenium (Re) mg/L 0.000005 — «0.000005 — «0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.000943 0.000851 10.26 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 0.00 
Silicon (Si) mg/L 0.05 5.82 5.74 1.38 
Silver (Ag) mg/L 0.000005 . «0.000005 . «0.000005 0.00 
Sodium (Na) mg/L 2 3.4 3.2 6.06 
Strontium (Sr) mg/L 0.0002 0.09 0.0869 3.50 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 0.00 
Thallium (TI) mg/L 0.000005 — «0.000005 . «0.000005 0.00 
Thorium (Th) mg/L 0.000005 . «0.000005 — «0.000005 0.00 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 0.00 
Titanium (Ti) mg/L «0.00020 «0.0002 «0.0002 0.00 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 0.00 
Uranium (U) mg/L 0.000002  0.0000808 0.0000745 8.11 
Vanadium (V) mg/L 0.00005 <0.00005 <0.00005 0.00 
Yttrium (Y) mg/L 0.000005  0.0000066 0.0000053 21.85 
Zinc (Zn) mg/L 0.003 <0.003 <0.003 0.00 
Zirconium (Zr) mg/L 0.00005 <0.00005 <0.00005 0.00 

Ф. Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 

Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.4 Relative percent difference between duplicate water quality samples 
collected from station PZ1, spring 2018, Fort Hills Oil Sands Project. 


Variable umi, Detection к ____ pes 
PZ1 Duplicate Difference (%) 

Conventional Variables 
Alkalinity, Phenolphthalein (as СаСОз) mg/L 2 «2.0 «2.0 0.00 
Alkalinity, Total (as СаСОз) mg/L 2 151 151 0.00 
Color, True C.U. 2 4.5 2.7 50.00 
Conductivity (EC) uS/cm 2 296 299 1.01 
Dissolved Organic Carbon mg/L 1 2.7 2.8 3.64 
Hardness (as СаСОз) mg/L 1.3 146 142 2.78 
pH pH 0.1 8.24 8.26 0.24 
Total Dissolved Solids mg/L 10 183 180 1.65 
Total Organic Carbon mg/L 1 3.3 2.8 16.39 
Total Suspended Solids mg/L 3 5.9 4.2 33.66 

Dissolved Metals 
Aluminum (Al) mg/L 0.001 «0.001 0.0041 121.57 
Antimony (Sb) mg/L 0.00001 «0.00001 «0.00001 0.00 
Arsenic (As) mg/L 0.00005 0.0002 0.000226 12.21 
Barium (Ba) mg/L 0.0001 0.078 0.0789 1.15 
Beryllium (Be) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 0.00 
Boron (B) mg/L 0.005 0.0282 0.0275 2.51 
Cadmium (Cd) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Calcium (Ca) mg/L 0.05 44.9 47.2 4.99 
Cesium (Cs) mg/L 0.000005 «0.000005 — «0.000005 0.00 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 0.00 
Cobalt (Co) mg/L 0.00005 «0.00005 0.000053 5.83 
Copper (Cu) mg/L 0.0002 «0.0002 0.0002 4.88 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 «0.03 0.166 138.78 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0002 0.00515 0.00514 0.19 
Magnesium (Mg) mg/L 0.1 8.20 8.81 7.17 
Manganese (Mn) mg/L 0.0002 0.0171 0.105 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury pg/L 0.00005 0.000027 0.000032 16.95 
Molybdenum (Mo) mg/L 0.00005 0.000159 0.000132 18.56 
Nickel (Ni) mg/L 0.0002 <0.0002 0.00024 18.18 


КЕ: Vd Analytes differ by > 20% between duplicates but 1 or both concentrations are « 5 times the detection limit. 
LEM Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.4 (Cont'd.) 


Variable Unit Men — == Pera 
Р21 Duplicate Difference (%) 

Dissolved Metals (Cont'd.) 
Phosphorus (P) mg/L 0.3 «0.3 «0.3 0.00 
Potassium (K) mg/L 2 «2.0 «2.0 0.00 
Rhenium (Re) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.000839 0.000843 0.48 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 0.00 
Silicon (Si) mg/L 0.05 4.9100 5.16 4.97 
Silver (Ag) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Sodium (Na) mg/L 2 4.1 3.8 7.59 
Strontium (Sr) mg/L 0.00005 0.0874 0.0864 1.15 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 0.00 
Thallium (TI) mg/L 0.000002 . «0.000002 . «0.000002 0.00 
Thorium (Th) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 0.00 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 0.00 
Uranium (U) mg/L 0.000002  0.0000729  0.0000725 0.55 
Vanadium (V) mg/L 0.00005 <0.00005 0.000064 24.56 
Yttrium (Y) mg/L 0.000005 — «0.000005  0.0000119 81.66 
Zinc (Zn) mg/L 0.001 «0.001 0.0018 57.14 
Zirconium (Zr) mg/L 0.00005 «0.00005 «0.00005 0.00 

General Organics 
Benzene mg/L 0.0005 «0.0005 «0.0005 0.00 
Ethylbenzene mg/L 0.0005 «0.0005 «0.0005 0.00 
F1(C6-C10) mg/L 0.1 «0.1 «0.1 0.00 
F1-BTEX mg/L 0.1 «0.1 «0.1 0.00 
F2 (C10-C16) mg/L 0.1 «0.10 «0.10 0.00 
F3 (C16-C34) mg/L 0.25 «0.25 «0.25 0.00 
F4 (C34-C50) mg/L 0.25 «0.25 «0.25 0.00 
Hydrocarbons, Recoverable (I.R.) mg/L 1 <1.0 <1.0 0.00 
Oil & Grease-(IR) mg/L 1 <1.0 <1.0 0.00 
m+p-Xylene | mg/L 0.0005 <0.0005 <0.0005 0.00 
Naphthenic Acids | mg/L 1 <1.0 1.7 51.85 
o-Xylene mg/L 0.0005 «0.0005 «0.0005 0.00 
Phenols (4AAP) mg/L 0.001 «0.001 «0.001 0.00 
Toluene mg/L 0.0005 «0.0005 «0.0005 0.00 


, ай; у Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.4 (Cont'd.) 


Variable 


Major lons 


Bicarbonate (НСОз) 
Calcium (Ca) 
Carbonate (СОз) 
Chloride (С!) 
Hydroxide (OH) 
Magnesium (Mg) 
Potassium (K) 
Sodium (Na) 
Sulfate (504) 
Sulphide (as S) 


Nutrients and BOD 


Polycyclic Aromatic Hydrocarbons 


Б 


Appendix Аб – Quality Assurance 
and Quality Control Procedures 


Ammonia, Total (as N) 


Biochemical Oxygen Demand 


Chlorophyll a 
Nitrate (as N) 


Nitrate and Nitrite (as N) 


Nitrite (as N) 
Phosphorus (P)-Total 


Phosphorus (P)-Total Dissolved 


1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Acridine 

Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(ah)anthracene 
Fluoranthene 
Fluorene 


Unit 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
нол. 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


ug/L 
ug/L 
ug/L 
pg/L 
pg/L 
pg/L 
pg/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
pg/L 
ug/L 


Detection 
Limit 


0.1 
0.5 
1 
0.3 
0.0015 


0.05 
2 
0.01 
0.02 
0.022 
0.01 
0.001 
0.001 


0.02 
0.02 
0.02 
0.02 
4 
0.012 
0.018 
0.005 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 


А6-21 


Spring 
PZ1 Duplicate 
184 184 
44.3 43.0 
«5.0 «5.0 
0.99 0.99 
«5.0 «5.0 
8.56 8.48 
1.1 1.08 
4.1 4.1 
10.90 10.90 
«0.0015 «0.0015 
«0.05 «0.05 
2.1 «2.0 
1.77 1.86 
«0.02 «0.02 
«0.022 «0.022 
«0.01 «0.01 
0.0272 0.026 
0.0164 0.0159 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«4.0 «4.0 
«0.012 «0.012 
«0.018 «0.018 
«0.005 «0.005 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 


сі Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
Analytes differ by > 2096 between duplicates and concentrations are > 5 times the detection limit. 


Relative 
Percent 
Difference (%) 


0.00 
2.98 
0.00 
0.00 
0.00 
0.94 
1.83 
0.00 
0.00 
0.00 


0.00 
4.88 
4.96 
0.00 
0.00 
0.00 
4.51 
3.10 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Table A6.4 (Cont'd.) 


Variable Unit с ———— _ parca 
PZ1 Duplicate Difference (%) 

Polycyclic Aromatic Hydrocarbons (Cont'd.) 
Indeno(1,2,3-cd)pyrene pg/L 0.02 <0.02 <0.02 0.00 
Naphthalene pg/L 0.05 <0.05 <0.05 0.00 
Phenanthrene ug/L 0.02 <0.02 <0.02 0.00 
Pyrene pg/L 0.02 <0.02 <0.02 0.00 
Quinoline pg/L 0.04 <0.04 <0.04 0.00 

Total Metals 
Aluminum (А!) mg/L 0.003 0.0111 0.0173 43.66 
Antimony (Sb) mg/L 0.00003 <0.00003 <0.00003 0.00 
Arsenic (As) mg/L 0.00005 0.000254 0.00024 5.67 
Barium (Ba) mg/L 0.0001 0.0789 0.0743 6.01 
Beryllium (Be) mg/L 0.000005 <0.000005 <0.000005 0.00 
Bismuth (Bi) mg/L 0.00005 <0.00005 <0.00005 0.00 
Вогоп (В) mg/L 0.01 0.036 0.037 2.74 
Cadmium (Cd) mg/L 0.000005 — «0.000005 — «0.000005 0.00 
Calcium (Ca) mg/L 0.05 47.1 46.5 1.28 
Cesium (Cs) mg/L 0.000005 — «0.000005 — «0.000005 0.00 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 0.00 
Cobalt (Co) mg/L 0.00005 0.000053 0.000050 5.83 
Copper (Cu) mg/L 0.0005 «0.0005 «0.0005 0.00 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 0.177 0.134 27.65 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0004 0.00611 0.00592 3.16 
Magnesium (Mg) mg/L 0.1 8.31 8.04 3.30 
Manganese (Mn) mg/L 0.0002 0.0926 0.0738 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury ug/L 0.00005 0.000061 0.000067 9.38 
Molybdenum (Мо) mg/L 0.00005 0.000188 0.000135 32.82 
Nickel (Ni) mg/L 0.0002 0.00031 0.00026 17.54 
Phosphorus (P) mg/L 0.3 <0.3 <0.3 0.00 
Potassium (K) mg/L 2 <2.0 <2.0 0.00 
Rhenium (Re) mg/L 0.000005  <0.000005 <0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.00103 0.00102 0.98 
Selenium (Se) mg/L 0.0002 <0.0002 <0.0002 0.00 
Silicon (Si) mg/L 0.05 5.11 5.48 6.99 


4 4; Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
Eg Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.4 (Cont'd.) 


Variable Unit ан ——— - Ree 
Р21 Duplicate Difference (%) 

Total Metals (Cont'd.) 
Silver (Ag) mg/L 0.000005 <0.000005  <0.000005 0.00 
Sodium (Na) mg/L 2 4.4 4.3 2.30 
Strontium (Sr) mg/L 0.0002 0.077 0.075 2.63 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 0.00 
Thallium (TI) mg/L 0.000005 . «0.000005 . «0.000005 0.00 
Thorium (Th) mg/L 0.000005 — «0.000005 — «0.000005 0.00 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 0.00 
Titanium (Ti) mg/L 0.0002 0.00028 0.00029 3.51 
Tungsten (W) mg/L 0.00001 0.000012 0.000010 18.18 
Uranium (U) mg/L 0.000002 0.0000672 0.000068 1.18 
Vanadium (V) mg/L 0.00005 0.000080 0.000078 2.53 
Yttrium (Y) mg/L 0.000005 0.0000163 0.000011 38.83 
Zinc (Zn) mg/L 0.003 «0.003 «0.003 0.00 
Zirconium (Zr) mg/L 0.00005 0.000065 «0.00005 26.09 


# ^ Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.5 Relative percent difference between duplicate water quality samples 
collected from station PZ1, summer 2018, Fort Hills Oil Sands Project. 


Variable Unit RARE Е a 
PZ1 Duplicate Difference (%) 

Conventional Variables 
Alkalinity, Phenolphthalein (as СаСОз) mg/L 2 <2.0 <2.0 0.00 
Alkalinity, Total (as СаСОз) mg/L 2 117 117 0.00 
Color, True C.U. 2 5.5 5.9 7.02 
Conductivity (EC) uS/cm 2 218 218 0.00 
Dissolved Organic Carbon mg/L 1 4.8 4.4 8.70 
Hardness (as СаСОз) mg/L 1.3 117 115 1.72 
pH pH 0.1 8.11 8.08 0.37 
Total Dissolved Solids mg/L 10 152 154 1.31 
Total Organic Carbon mg/L 1 4.3 4.6 6.74 

Dissolved Metals 
Aluminum (А!) mg/L 0.001 «0.001 0.0010 0.00 
Antimony (Sb) mg/L 0.00001 0.000012 0.00001 18.18 
Arsenic (As) mg/L 0.00005 0.00022 0.000214 2.76 
Barium (Ba) mg/L 0.0001 0.059 0.0675 13.44 
Beryllium (Be) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 0.00 
Boron (B) mg/L 0.005 0.0326 0.0325 0.31 
Cadmium (Cd) mg/L 0.000005 . «0.000005 — «0.000005 0.00 
Calcium (Са) mg/L 0.05 32.9 32.6 0.92 
Cesium (Cs) mg/L 0.000005 . «0.000005 . «0.000005 0.00 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 0.00 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.000050 0.00 
Copper (Cu) mg/L 0.0002 «0.0002 «0.0002 0.00 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 «0.03 «0.03 0.00 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0002 0.00461 0.00487 5.49 
Magnesium (Mg) mg/L 0.1 8.42 8.06 4.37 
Manganese (Mn) mg/L 0.0002 «0.0002 0.0002 0.00 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury ug/L 0.00005 0.000053 0.000028 61.73 
Molybdenum (Mo) mg/L 0.00005 0.000125 0.000148 16.85 
Nickel (Ni) mg/L 0.0002 <0.0002 0.00026 26.09 
Phosphorus (Р) mg/L 0.3 <0.3 <0.3 0.00 


Е | Ё 1 Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
LEM Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.5 (Cont'd.) 


Variable Unit oed — ЖЕ sb 
Р21 Duplicate Difference (%) 

Dissolved Metals (Cont'd.) 
Potassium (K) mg/L 2 «2.0 «2.0 0.00 
Rhenium (Re) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.000763 0.000789 3.35 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 0.00 
Silicon (Si) mg/L 0.05 4.08 3.82 6.58 
Silver (Ag) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Sodium (Na) mg/L 2 4.2 4.2 0.00 
Strontium (Sr) mg/L 0.00005 0.0760 0.0788 3.62 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 0.00 
Thallium (TI) mg/L 0.000002 . «0.000002 . «0.000002 0.00 
Thorium (Th) mg/L 0.000005 . «0.000005 . «0.000005 0.00 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 0.00 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 0.00 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 0.00 
Uranium (U) mg/L 0.000002 0.0000606 0.0000660 8.53 
Vanadium (V) mg/L 0.00005 0.000057 0.000055 3.57 
Yttrium (Y) mg/L 0.000005 «0.000005 0.0000050 0.00 
Zinc (Zn) mg/L 0.001 0.0013 0.0067 135.00 
Zirconium (Zr) mg/L 0.00005 <0.00005 <0.00005 0.00 

General Organics 
Benzene mg/L 0.0005 <0.0005 <0.0005 0.00 
Ethylbenzene mg/L 0.0005 <0.0005 <0.0005 0.00 
F1(C6-C10) mg/L 0.1 <0.1 <0.1 0.00 
F1-BTEX mg/L 0.1 <0.1 <0.1 0.00 
F2 (C10-C16) mg/L 0.1 «0.10 «0.10 0.00 
F3 (C16-C34) mg/L 0.25 «0.25 «0.25 0.00 
F4 (C34-C50) mg/L 0.25 «0.25 «0.25 0.00 
Hydrocarbons, Recoverable (I.R.) mg/L 1 <1.0 <1.0 0.00 
Oil & Grease-(IR) mg/L 1 «1.0 «1.0 0.00 
m*p-Xylene mg/L 0.0005 «0.0005 «0.0005 0.00 
Naphthenic Acids mg/L 1 «1.0 1.1 9.52 
o-Xylene mg/L 0.0005 «0.0005 «0.0005 0.00 
Phenols (4AAP) mg/L 0.001 «0.001 «0.001 0.00 
Toluene mg/L 0.0005 «0.0005 «0.0005 0.00 


mn | Analytes differ by > 20% between duplicates but 1 or both concentrations are « 5 times the detection limit. 
LEM Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.5 (Cont'd.) 


Variable 


Major lons 
Bicarbonate (HCO3) 
Calcium (Ca) 
Carbonate (СОз) 
Chloride (CI) 
Hydroxide (OH) 
Magnesium (Mg) 
Potassium (K) 
Sodium (Na) 
Sulfate (SO4) 
Sulphide (as S) 
Nutrients and BOD 
Ammonia, Total (as N) 
Biochemical Oxygen Demand 
Chlorophyll a 
Nitrate (as N) 
Nitrate and Nitrite (as N) 
Nitrite (as N) 
Phosphorus (P)-Total 
Phosphorus (P)-Total Dissolved 
Total Kjeldahl Nitrogen 


Polycyclic Aromatic Hydrocarbons 


1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Acridine 

Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(ah)anthracene 
Fluoranthene 


Unit 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
pg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


ug/L 
ug/L 
ug/L 
pg/L 
pg/L 
pg/L 
нол. 
pg/L 
ug/L 
pg/L 
ug/L 
ug/L 
ug/L 
ug/L 


Detection 
Limit 


0.1 
0.5 
1 
0.3 
0.0015 


0.05 
2 
0.01 
0.02 
0.022 
0.01 
0.001 
0.001 
0.2 


0.02 
0.02 
0.02 
0.02 
4 
0.012 
0.018 
0.005 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 


Summer 
Р21 Duplicate 
142 143 
28.1 30.9 
«5.0 «5.0 
0.50 0.70 
«5.0 «5.0 
8.82 9.57 
0.78 0.72 
4.1 4.2 
11.10 11.00 
«0.0015 «0.0015 
«0.05 «0.05 
2.9 2.7 
0.771 0.813 
0.038 «0.020 
0.038 «0.022 
«0.01 «0.01 
0.0052 0.0067 
0.0044 0.0079 
0.68 0.5 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«4.0 «4.0 
«0.012 «0.012 
«0.018 «0.018 
«0.005 «0.005 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 
«0.02 «0.02 


Relative 
Percent 
Difference (%) 


0.70 
9.49 
0.00 
33.33 
0.00 
8.16 
8.00 
2.41 
0.90 
0.00 


0.00 
7.14 
5.30 
62.07 
53.33 
0.00 
56.91 
28.57 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


SÉ. Analytes differ by > 2096 between duplicates but 1 or both concentrations аге « 5 times the detection limit. 


LEM Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.5 (Cont'd.) 


Variable Unit ictu аши Я онн 
PZ1 Duplicate Difference (%) 

Polycyclic Aromatic Hydrocarbons (Cont'd.) 
Fluorene ug/L 0.02 <0.02 <0.02 0.00 
Indeno(1,2,3-cd)pyrene ug/L 0.02 <0.02 <0.02 0.00 
Naphthalene ug/L 0.05 «0.05 «0.05 0.00 
Phenanthrene ug/L 0.02 <0.02 <0.02 0.00 
Pyrene pg/L 0.02 <0.02 <0.02 0.00 
Quinoline ug/L 0.04 <0.04 <0.04 0.00 

Total Metals 
Aluminum (А!) mg/L 0.003 0.0044 0.0051 14.74 
Antimony (Sb) mg/L 0.00003 <0.00003 <0.00003 0.00 
Arsenic (As) mg/L 0.00005 0.000208 0.000202 2.93 
Barium (Ba) mg/L 0.0001 0.0654 0.066 0.91 
Beryllium (Be) mg/L 0.000005  <0.000005  <0.000005 0.00 
Bismuth (Bi) mg/L 0.00005 <0.00005 <0.00005 0.00 
Вогоп (В) mg/L 0.01 0.034 0.031 9.23 
Cadmium (Cd) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Calcium (Ca) mg/L 0.05 32.2 34.4 6.61 
Cesium (Cs) mg/L 0.000005  <0.000005  <0.000005 0.00 
Chromium (Cr) mg/L 0.0005 <0.0005 <0.0005 0.00 
Cobalt (Co) mg/L 0.00005 <0.00005 <0.00005 0.00 
Copper (Cu) mg/L 0.0005 <0.0005 <0.0005 0.00 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 «0.03 «0.03 0.00 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0004 0.00458 0.00477 4.06 
Magnesium (Mg) mg/L 0.1 8.1 8.29 2.32 
Manganese (Mn) mg/L 0.0002 0.00669 0.00707 5.52 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury pg/L 0.00005 0.000058 0.00004 36.73 
Molybdenum (Mo) mg/L 0.00005 0.000132 0.000138 4.44 
Nickel (Ni) mg/L 0.0002 0.00029 0.00029 0.00 
Phosphorus (P) mg/L 0.3 «0.3 «0.3 0.00 
Potassium (K) mg/L 2 «2.0 «2.0 0.00 
Rhenium (Re) mg/L 0.000005 — «0.000005 . «0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.000787 0.00071 10.29 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 0.00 

zd ^| Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.5 (Cont’d.) 


Variable Unit осор E - СЕ 
Р21 Duplicate Difference (%) 
Total Metals (Cont'd.) 
Silicon (Si) mg/L 0.05 3.87 3.87 0.00 
Silver (Ag) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Sodium (Na) mg/L 2 52 5.3 1.90 
Strontium (Sr) mg/L 0.0002 0.0753 0.0704 6.73 
Tellurium (Te) mg/L 0.00001 0.000016 0.000014 13.33 
Thallium (TI) mg/L 0.000005  <0.000005  <0.000005 0.00 
Thorium (Th) mg/L 0.000005 «0.000005 0.000005 0.00 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 0.00 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 0.00 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 0.00 
Uranium (U) mg/L 0.000002 0.0000651 0.0000664 1.98 
Vanadium (V) mg/L 0.00005 0.000076 0.000064 17.14 
Yttrium (Y) mg/L 0.000005 0.0000066 «0.00001 27.59 
Zinc (Zn) mg/L 0.003 «0.003 0.0098 106.25 
Zirconium (Zr) mg/L 0.00005 «0.00005 «0.00005 0.00 
# ^ Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.6 Relative percent difference between duplicate water quality samples 
collected from station PZ1, fall 2018, Fort Hills Oil Sands Project. 


Variable Unit do =“ percent 
P21 Duplicate Difference (%) 

Conventional Variables 
Alkalinity, Phenolphthalein (as CaCOs) mg/L 2 «2.0 «2.0 0.00 
Alkalinity, Total (as CaCOs) mg/L 2 119 121 1.67 
Color, True C.U. 2 5.1 5.2 1.94 
Conductivity (EC) uS/cm 2 261 260 0.38 
Dissolved Organic Carbon mg/L 1 5.1 5.2 1.94 
Hardness (as СаСОз) mg/L 1.3 118 116 1.71 
pH pH 0.1 8.24 8.26 0.24 
Total Dissolved Solids mg/L 10 146 143 2.08 
Total Organic Carbon mg/L 1 4.9 4.9 0.00 
Total Suspended Solids mg/L 3 «3.0 «3.0 0.00 

Dissolved Metals 
Aluminum (А!) mg/L 0.001 «0.001 0.001 0.00 
Antimony (Sb) mg/L 0.00001 0.000018 0.000018 0.00 
Arsenic (As) mg/L 0.00005 0.000199 0.000199 0.00 
Barium (Ba) mg/L 0.0001 0.063 0.061 3.23 
Beryllium (Be) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 0.00 
Boron (B) mg/L 0.005 0.0311 0.0304 2.28 
Cadmium (Cd) mg/L 0.000005 . «0.000005 — «0.000005 0.00 
Calcium (Ca) mg/L 0.05 31.6 31.5 0.32 
Cesium (Cs) mg/L 0.000005 — «0.000005 — «0.000005 0.00 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 0.00 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.000050 0.00 
Copper (Cu) mg/L 0.0002 0.00023 «0.0003 26.42 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 «0.03 «0.03 0.00 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 0.00 
Lithium (Li) mg/L 0.0002 0.00539 0.00531 1.50 
Magnesium (Mg) mg/L 0.1 9.48 9.09 4.20 
Manganese (Mn) mg/L 0.0002 «0.0002 «0.0002 0.00 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury ug/L 0.00005 0.000038 0.000037 2.67 
Molybdenum (Mo) mg/L 0.00005 0.000132 0.000129 2.30 
Nickel (Ni) mg/L 0.0002 <0.00022 0.00023 4.44 


Р, ж : Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
ES Analytes differ by > 2096 between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.6 (Cont'd.) 


and Quality Control Procedures 


Variable Unit dd = - Pisae 
Р21 Duplicate Difference (%) 
Dissolved Metals (Cont'd.) 
Phosphorus (P) mg/L 0.3 «0.3 «0.3 0.00 
Potassium (K) mg/L 2 «2.0 «2.0 0.00 
Rhenium (Re) mg/L 0.000005 . «0.000005 — «0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.000851 0.000827 2.86 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 0.00 
Silicon (Si) mg/L 0.05 3.17 2.93 7.87 
Silver (Ag) mg/L 0.000005 — «0.000005 . «0.000005 0.00 
Sodium (Na) mg/L 2 4.3 4.3 0.00 
Strontium (Sr) mg/L 0.00005 0.0796 0.0814 2.24 
Tellurium (Te) mg/L 0.00001 «0.00001 «0.00001 0.00 
Thallium (TI) mg/L 0.000002 . «0.000002 — «0.000002 0.00 
Thorium (Th) mg/L 0.000005 — «0.000005 . «0.000005 0.00 
Tin (Sn) mg/L 0.0002 «0.0002 «0.0002 0.00 
Titanium (Ti) mg/L 0.0002 «0.0002 «0.0002 0.00 
Tungsten (W) mg/L 0.00001 «0.00001 «0.00001 0.00 
Uranium (U) mg/L 0.000002  0.0000769 0.0000721 6.44 
Vanadium (V) mg/L 0.00005 «0.00005 0.000050 0.00 
Yttrium (Y) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Zinc (Zn) mg/L 0.001 0.0013 0.0012 8.00 
Zirconium (Zr) mg/L 0.00005 «0.00005 «0.00005 0.00 
General Organics 
Benzene mg/L 0.0005 «0.0005 «0.0005 0.00 
Ethylbenzene mg/L 0.0005 «0.0005 «0.0005 0.00 
F1(C6-C10) mg/L 0.1 «0.1 «0.1 0.00 
F1-BTEX mg/L 0.1 «0.1 «0.1 0.00 
F2 (C10-C16) mg/L 0.1 «0.10 «0.10 0.00 
F3 (C16-C34) mg/L 0.25 «0.25 «0.25 0.00 
F4 (C34-C50) mg/L 0.25 «0.25 «0.25 0.00 
Hydrocarbons, Recoverable (1.8.) mg/L 1 «1.0 «1.0 0.00 
Oil & Grease-(IR) mg/L 1 «1.0 «1.0 0.00 
m*p-Xylene mg/L 0.0005 «0.0005 «0.0005 0.00 
Naphthenic Acids mg/L 1 1.0 1.0 0.00 
o-Xylene mg/L 0.0005 «0.0005 «0.0005 0.00 
Phenols (4AAP) mg/L 0.001 «0.001 «0.001 0.00 
Toluene mg/L 0.0005 «0.0005 «0.0005 0.00 
Xylenes mg/L 0.00071 «0.00071 «0.00071 0.00 
К: .; Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
Analytes differ by > 2096 between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.6 (Cont'd.) 


Variable Unit en А — 
Р21 Duplicate Difference (%) 
Major lons 
Bicarbonate (НСОз) mg/L 5 146 147 0.68 
Calcium (Ca) mg/L 0.5 33.5 33.7 0.60 
Carbonate (СОз) mg/L 5 <5.0 <5.0 0.00 
Chloride (CI) mg/L 0.5 0.58 0.58 0.00 
Hydroxide (OH) mg/L 5 «5.0 «5.0 0.00 
Magnesium (Mg) mg/L 0.1 10.6 10.7 0.94 
Potassium (K) mg/L 0.5 0.99 1.01 2.00 
Sodium (Na) mg/L 1 4.5 4.5 0.00 
Sulfate (504) mg/L 0.3 10.3 10.20 0.98 
Sulphide (as S) mg/L 0.0015 «0.0015 «0.0015 0.00 
Nutrients and BOD 
Ammonia, Total (as N) mg/L 0.05 «0.05 0.057 13.08 
Biochemical Oxygen Demand mg/L 2 «2.0 «2.0 0.00 
Chlorophyll а ug/L 0.01 0.481 0.391 20.64 
Nitrate (as N) mg/L 0.02 <0.02 <0.02 0.00 
Nitrate and Nitrite (as М) mg/L 0.022 <0.022 <0.022 0.00 
Nitrite (as N) mg/L 0.01 «0.01 «0.01 0.00 
Phosphorus (P)-Total mg/L 0.001 0.021 0.0203 3.39 
Phosphorus (P)-Total Dissolved mg/L 0.001 0.0168 0.016 4.88 
Total Kjeldahl Nitrogen mg/L 0.2 «0.20 0.24 18.18 
Polycyclic Aromatic Hydrocarbons 
1-Methylnaphthalene ug/L 0.02 <0.02 <0.02 0.00 
2-Methylnaphthalene ug/L 0.02 <0.02 <0.02 0.00 
Acenaphthene ug/L 0.02 <0.02 <0.02 0.00 
Acenaphthylene ug/L 0.02 <0.02 <0.02 0.00 
Acridine pg/L 4 <4.0 <4.0 0.00 
Anthracene ug/L 0.012 <0.012 <0.012 0.00 
Benzo(a)anthracene ug/L 0.018 «0.018 «0.018 0.00 
Benzo(a)pyrene ug/L 0.005 «0.005 «0.005 0.00 
Benzo(b)fluoranthene ug/L 0.02 «0.02 «0.02 0.00 
Benzo(g,h,i)perylene ug/L 0.02 <0.02 <0.02 0.00 
Benzo(k)fluoranthene pg/L 0.02 <0.02 <0.02 0.00 
Chrysene Hg/L 0.02 «0.02 «0.02 0.00 
Dibenzo(ah)anthracene ug/L 0.02 <0.02 <0.02 0.00 
Fluoranthene ug/L 0.02 <0.02 <0.02 0.00 


i x Analytes differ by > 2096 between duplicates but 1 or both concentrations are « 5 times the detection limit. 


Analytes differ by > 2096 between duplicates and concentrations are > 5 times the detection limit. 
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Table A6.6 (Cont'd.) 


Variable Unit oe == € Percent 
Р21 Duplicate Difference (%) 

Polycyclic Aromatic Hydrocarbons (Cont'd.) 
Fluorene ug/L 0.02 <0.02 <0.02 0.00 
Indeno(1,2,3-cd)pyrene ug/L 0.02 <0.02 <0.02 0.00 
Naphthalene ug/L 0.05 <0.05 <0.05 0.00 
Phenanthrene ug/L 0.02 <0.02 <0.02 0.00 
Pyrene ug/L 0.02 <0.02 <0.02 0.00 
Quinoline ug/L 0.04 <0.04 <0.04 0.00 

Total Metals 
Aluminum (AI) mg/L 0.003 0.0056 0.0052 7.41 
Antimony (Sb) mg/L 0.00003 «0.00003 «0.00003 0.00 
Arsenic (As) mg/L 0.00005 0.0002 0.000215 7.23 
Barium (Ba) mg/L 0.0001 0.0617 0.0618 0.16 
Beryllium (Be) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 0.00 
Boron (B) mg/L 0.01 0.031 0.032 3.17 
Cadmium (Cd) mg/L 0.000005 «0.000005 — «0.000005 0.00 
Calcium (Ca) mg/L 0.05 294 292 0.68 
Cesium (Cs) mg/L 0.000005 — «0.000005 . «0.000005 0.00 
Chromium (Cr) mg/L 0.0005 «0.0005 «0.0005 0.00 
Cobalt (Co) mg/L 0.00005 «0.00005 «0.00005 0.00 
Copper (Cu) mg/L 0.0005 0.00169 «0.0005 108.68 
Gallium (Ga) mg/L 0.00005 «0.00005 «0.00005 0.00 
Iron (Fe) mg/L 0.03 «0.03 «0.03 0.00 
Lead (Pb) mg/L 0.00005 0.000064 «0.00005 24.56 
Lithium (Li) mg/L 0.0004 0.00519 0.00529 1.91 
Magnesium (Mg) mg/L 0.1 8.22 8.28 0.73 
Manganese (Mn) mg/L 0.0002 0.00382 0.00388 1.56 
Mercury (Hg) ug/L 0.0005 <0.0005 <0.0005 0.00 
Methyl Mercury ug/L 0.00005 0.000038 . 0.000037 2.67 
Molybdenum (Mo) mg/L 0.00005 0.00014 0.000151 7.56 
меке! (Ni) mg/L 0.0002 0.00049 0.00034 36.14 
Phosphorus (P) mg/L 0.3 <0.3 <0.3 0.00 
Potassium (K) mg/L 2 <2.0 <2.0 0.00 
Rhenium (Re) mg/L 0.000005 «0.000005 . «0.000005 0.00 
Rubidium (Rb) mg/L 0.00002 0.000821 0.000796 3.09 
Selenium (Se) mg/L 0.0002 «0.0002 «0.0002 0.00 


: E r ; Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 


Analytes differ by > 2096 between duplicates and concentrations аге > 5 times the detection limit. 
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Table Аб.6 (Cont'd.) 


Variable 


Total Metals (Cont'd.) 
Silicon (Si) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 
Tellurium (Te) 
Thallium (TI) 
Thorium (Th) 
Tin (Sn) 
Titanium (Ti) 
Tungsten (W) 
Uranium (U) 
Vanadium (V) 
Yttrium (Y) 
Zinc (Zn) 
Zirconium (Zr) 


# —Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 


Unit 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


Detection 
Limit 


0.05 
0.000005 
2 
0.0002 
0.00001 
0.000005 
0.000005 
0.0002 
0.0002 
0.00001 
0.000002 
0.00005 
0.000005 
0.003 
0.00005 


PZ1 


2.92 
«0.000005 
4 
0.0739 
«0.00001 
«0.000005 
«0.000005 
«0.0002 
«0.0002 
«0.00001 
0.0000675 
0.000059 
0.0000076 
«0.003 
«0.00005 


Fall 


Duplicate 


2.99 
«0.000005 
4 
0.0741 
«0.00001 
«0.000005 
«0.000005 
«0.0002 
«0.0002 
«0.00001 
0.0000658 
0.000063 
0.0000053 
«0.003 
«0.00005 


Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Relative 
Percent 
Difference (%) 


2.37 
0.00 
0.00 
0.27 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.55 
6.56 
35.66 
0.00 
0.00 
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A6.22 


Sediment Quality 


One duplicate sample was collected at station PZ1 in fall 2018. No analytes differed by more than 20% 
between duplicate samples (Table A6.7). In contrast to 2017, relative percent difference between duplicate 


samples in sediment of the NNLL (2018) indicate that there is homogeneity in sediment. 


Internal QA/QC results from ALS Laboratories did not indicate obvious contamination issues; therefore, 
sediment quality results from 2018 were considered valid and accurate. 


Relative percent difference between duplicate sediment quality samples 
collected from No Net Loss Lake, Fort Hills Oil Sands Project, fall 2018. 


Table A6.7 

Analyte Units 

Physical Properties 
Clay % 
Moisture % 
Запд % 
Silt % 
Inorganic Carbon % 
Total Carbon by Combustion % 
Total Organic Carbon % 
СаСОз Equivalent % 

Total Metals 
Aluminum (Al) mg/kg 
Antimony (Sb) mg/kg 
Arsenic (As) mg/kg 
Barium (Ba) mg/kg 
Beryllium (Be) mg/kg 
Bismuth (Bi) mg/kg 
Boron (B) mg/kg 
Cadmium (Cd) mg/kg 
Calcium (Ca) mg/kg 
Chromium (Cr) mg/kg 
Cobalt (Co) mg/kg 
Copper (Cu) mg/kg 
lron (Fe) mg/kg 
Lead (Pb) mg/kg 
Lithium (Li) mg/kg 
Magnesium (Mg) mg/kg 
Manganese (Mn) mg/kg 
Mercury (Hg) mg/kg 
Molybdenum (Мо) mg/kg 


Detection Limit 


PZ1 Duplicate 
1 1 
0.5 0.5 
1 1 
1 1 
0.05 0.05 
0.05 0.05 
0.05 0.05 
0.4 0.4 
50 50 
0.1 0.1 
0.1 0.1 
0.5 0.5 
0.1 0.1 
0.2 0.2 
5 5 
0.02 0.02 
50 50 
0.5 0.5 
0.1 0.1 
0.5 0.5 
50 50 
0.5 0.5 
2 2 
20 20 
1 1 
0.005 0.005 
0.1 0.1 


Station 
PZ1 Duplicate 
14 14 
61.6 61.6 
41 40 
45 46 
0.52 0.59 
8.28 9.21 
7.76 8.62 
4.3 4.9 
8880 8290 
0.19 0.18 
4.56 4.33 
222 206 
0.53 0.51 
«0.20 «0.20 
25.1 24.6 
0.148 0.131 
22900 19800 
15.2 14.8 
6.83 6.19 
11.5 10.8 
22500 21100 
7.26 6.58 
11 9.9 
4460 4000 
548 528 
0.0301 0.0321 
0.56 0.52 


Relative 
Percent 
Difference (95) 


0.00 
0.00 
2.47 
2.20 
12.85 
10.63 
10.50 
13.04 


6.87 
5.41 
5.17 
7.48 
3.85 
0.00 
2.01 
12.19 
14.52 
2.67 
9.83 
6.28 
6.42 
9.83 
10.53 
10.87 
3.72 
6.43 
7.41 


| EM Analytes differ by > 20% between duplicates but 1 or both concentrations are « 5 times the detection limit. 


LEM Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 
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Table Аб.7 (Cont'd.) 


à 


Appendix Аб – Quality Assurance 
and Quality Control Procedures 


Analyte 


Total Metals (Cont'd.) 


Nickel (Ni) 
Phosphorus (P) 
Potassium (K) 
Selenium (Se) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 
Thallium (TI) 
Tin (Sn) 
Titanium (Ti) 
Uranium (U) 
Vanadium (V) 
Zinc (Zn) 
Zirconium (Zr) 


Benzene 
Ethylbenzene 

F1 (C6-C10) 
F1-BTEX 

F2 (C10-C16) 

F3 (C16-C34) 

F4 (C34-C50) 
F4G-SG (GHH-Silica) 
o-Xylene 

Toluene 


Total Hydrocarbons (C6-C50) 


Xylenes 


m+p-Xylene 


Polycyclic Aromatic Hydrocarbons 


2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 


Benzo(a)pyrene 


Units 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


Hydrocarbons and Organic Compounds 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


Detection Limit 


Р21 Duplicate 


0.5 0.5 
50 50 
100 100 
0.2 0.2 
0.1 0.1 
50 50 
0.5 0.5 
0.05 0.05 
2 2 
1 1 
0.05 0.05 
0.2 0.2 
2 2 


33 33 
33 33 
25 25 
50 50 
50 50 
500 500 


0.017 0.1455 
0.04 0.04074 


50 50 
0.21 0.21 
0.17 0.1455 

0.005 0.005 


0.002 0.003 
0.002 0.002 
0.004 0.004 
0.005 0.005 
0.002 0.002 


Station 
PZ1 Duplicate 
17.8 16.6 
539 482 
1370 1220 
0.43 0.41 
<0.10 <0.10 
136 125 
84.1 74.7 
0.156 0.141 
<2.0 <2.0 
37.2 36.9 
0.697 0.606 
25.6 24.6 
43.1 38.4 
7.5 7 
<0.017 <0.015 
<0.050 <0.044 
<33 <29 
<33 <29 
34 34 
644 625 
499 483 
<0.17 <0.15 
<0.046 <0.041 
1180 1140 
<0.23 <0.21 
<0.17 <0.15 
<0.01 <0.01 
<0.005 <0.005 
<0.005 <0.005 
<0.004 <0.004 
<0.010 <0.010 
<0.010 <0.010 


Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 


A6-35 


Relative 
Percent 
Difference (%) 


6.98 
11.17 
11.58 
4.76 
0.00 
8.43 
11.84 
10.10 
0.00 
0.81 
13.97 
3.98 
11.53 
6.90 


12.50 
12.77 
12.90 
12.90 
0.00 
2.99 
3.26 
12.50 
11.49 
3.45 
9.09 
12.50 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


m E | Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
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Table Аб.7 (Cont'd.) 


Analyte 


Total Metals (Cont'd.) 


Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 

Fluorene 

Naphthalene 
Phenanthrene 

Pyrene 


Units 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


Detection Limit 


P21 Duplicate 


0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 


0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 


Station 
PZ1 Duplicate 
0.015 0.018 
«0.005 «0.005 
«0.010 «0.010 
«0.010 «0.010 
«0.010 «0.010 
«0.010 «0.010 
«0.010 «0.010 


Relative 
Percent 
‘Difference (95) 


18.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


Ж . Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
Analytes differ by > 2096 between duplicates and concentrations are > 5 times the detection limit. 


А6.2.3 Benthic Invertebrate Communities 


Mean sorting efficiency of benthic invertebrates was 9796 for benthic samples collected from the NNLL 
(Table A6.8). Based on the criterion of 90% sorting efficiency, these results were considered acceptable 
and additional QC activities were not required. 


Table A6.8 Results of the sorting efficiency of benthic invertebrate samples collected 
from the No Net Loss Lake, Fort Hills Oil Sands Project, fall 2018. 


Sample Station 
PZ1-2 
LZ3-1 


Mean sorting efficiency (96) 


[1-(18/(635+18))]"100 = 97.2 
[1-(43(1649+43)) 100 = 97.5 
97.4% 


% Sorting Efficiency 


Sorting efficiency = [1-(# in QA/AC re-sort / (# sorted originally + # QA/QC resort))]* 100. 


Appendix A6 — Quality Assurance 


and Quality Control Procedures 


A6-36 
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TECHNICAL MEMORANDUM 
DATE April 15, 2019 Project No. 18101477 
TO Michael Robinson, Regulatory Specialist 
Suncor Energy Inc. 
cc Carly Merkosky, Michael Day, Blake Smith 
FROM Chris Bjornson, Senior Fisheries Biologist EMAIL chris bjornsongolder.com 


APPENDIX A7: UPDATE TO FORT CREEK FISH HABITAT MODELLING – FORT HILLS OIL SANDS 
PROJECT 


1.0 INTRODUCTION 


As part of the approvals process for the Fort Hills Oil Sands Project (Fort Hills) a Conceptual No Net Loss Plan 
(Golder 2002) and No Net Loss Lake (NNLL) Development Plan (Golder 2006) were prepared to describe how 
compensation would be provided for the Harmfui Alteration, Disruption or Destruction (HADD) of productive fish 
habitats resulting from development of the project. Affected habitats included Fort Creek, Susan Lake and the 
Susan Lake Outlet Channel. A Fisheries Act Section 35(2) Authorization was subsequently issued by Fisheries 
and Oceans Canada (DFO; Authorization АВ00-517-2013) that authorized the HADD for Fort Creek only (i.e., 
initial habitat losses associated with Fort Hills) and the construction of the planned NNLL. As part of the HADD for 
Fort Creek, a temporary fish barrier was installed in December 2006, 455 m upstream of the confluence with the 
Athabasca River, to deny upstream fish movement until upstream areas were dewatered. The sandbag- 
constructed temporary barrier has not been maintained or monitored post-installation and is no longer functioning 
to deny fish access upstream. Therefore, fish have access to the habitat upstream as Fort Creek has remained 
largely unaltered upstream of the barrier. The NNLL Development Plan (Golder 2006) specified that application 
for authorization of the HADD of Susan Lake and its outlet channel would be made at a later date and that the 
compensation provided by the development of the NNLL was also expected to compensate for all of the HADD in 
the Susan Lake watershed. 


This technical memo provides an evaluation of current conditions in lower Fort Creek and updates the fish habitat 
suitability modelling used to quantify the productivity of the habitats. This memorandum provides the following 
updates: 


1) Anassessment of the current status and productivity of fish habitats in lower Fort Creek in relation to 
alterations that have occurred to date in the upper watershed. 


2) Update to the Fort Creek fish habitat suitability modelling using supplemental baseline and current data for 
the creek and the revised habitat suitability index (HSI) models for the oil sands region (Golder 2008a). 


Golder Associates Ltd. 
102, 2535 - 3rd Avenue S.E., Calgary, Alberta, T2A 7W5, Canada T: *1 403 299 5600 F: +1 403 299 5606 


Golder and the G logo are trademarks of Golder Associates Corporation golder.com 
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2.0 | SUPPLEMENTAL FIELD SURVEYS OF FORT CREEK 


The following is a summary of the fall 2017 and fall 2018 fish and fish habitat assessments of lower Fort Creek. 
The purpose of the field surveys was to collect current data describing fish habitat characteristics and fish use of 
lower Fort Creek for comparison to the results of previous surveys. The methods used for the 2017/2018 surveys 
were consistent with the previous fish and fish habitat surveys of lower Fort Creek. Previous surveys included: 


m 1996 fisheries investigation conducted for the Syncrude Aurora Mine (Golder 1996); 

m 1999 aquatics baseline program for the Fort Hills Oil Sands Project (Golder 2000); 

m 2000/2001 surveys conducted for the Fort Hills Environmental Baseline Study (TrueNorth 2001); 
m 2006 and 2007 Fort Creek Fish and Fish Habitat Monitoring surveys (Golder 2008b); and 


m Regional Aquatics Monitoring surveys — monitoring conducted by the Regional Aquatics Monitoring Program 
(RAMP 2012, 2013, 2014) and the Alberta Environment Monitoring, Evaluation and Reporting Agency 
(AEMERA 2015). 


2017/2018 Survey Locations 


Two survey locations were selected on lower Fort Creek for inclusion in both the 2017 and 2018 fish and fish 
habitat surveys (Table 1), based on their accessibility and continuous sampling history over the various years in 
which surveys were conducted. 


1. Downstream Location: the lower-most section of Fort Creek extending for 300 m upstream from the creek 
mouth, at the confluence with the Athabasca River. 


2. Upstream Location: the 300 m long section of Fort Creek located immediately downstream of the Fort 
Chipewyan road (Highway 63) crossing. 
Table 1: Lower Fort Creek Survey Locations and Dates 
UTM Coordinates (NAD 83, Zone 12V) 
Location Downstream Boundary Upstream Boundary 
Easting Northing Easting Northing 2017 2018 


Survey Dates 


Downstream (creek mouth) 461525 6363110 461788 6363105 
Upstream (near road crossing) 462363 6363565 462630 6363545 _ | 19 October 


Note: UTM = Universal Transverse Mercator Grid; МАР = North American Datum 
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2017/2018 Survey Methods 


The fish and fish habitat survey methods employed in 2017/2018 were similar to the survey methods used for the 
previous surveys of lower Fort Creek (Golder 1996, 2000; TrueNorth 2001; Golder 2008b; RAMP 2012, 2013, 
2014, AEMERA 2015). During the 2017/2018 assessments, habitat data were collected for a 300 m length of 
watercourse channel at each of the two Fort Creek survey locations. Each section was divided longitudinally into 
distinct channel units representing different classes of key habitat types (i.e., riffle, run pool), to provide the 
composition and extent of each channel unit type. Key information collected from each individual channel unit 
included channel unit type, channel (bankfull) width, instream cover types and percent cover for fish, overhead 
cover types and percent availability, substrate particle size distribution, discharge, basic water quality, 
identification of any barriers or impedances to fish passage, and representative photographs. 


During the 2017/2018 assessments, fish sampling was conducted at the two Fort Creek survey locations by 
backpack electrofishing and minnow trapping. A single pass electrofishing effort was conducted at each site, 
sampling across the entire wetted width of the channel. Minnow trapping was conducted at each survey location 
in local low-velocity areas with instream cover. 


Sampling effort was used to calculate catch-per-unit-effort (CPUE) values for each survey location and sampling 
method – electrofishing CPUE was expressed as number of fish captured per 100 seconds of active 
electrofishing, and minnow trapping CPUE was expressed as number of fish captured per trap-hour. CPUE values 
allowed comparison of fish abundance (as represented by catch rate) between sampling sites or sampling years. 


Comparison of 2017/2018 Results to Previous Surveys 


The results for the fish and fish habitat assessment of the two survey locations in lower Fort Creek were 
compared to previous survey data. For the downstream location, the same location was surveyed in all years. For 
the upstream location, there was some variability in the exact section of creek surveyed among the years, but all 
surveys were conducted in the same general area. 


Fish Habitat 


For the Fort Creek downstream location, the channel unit composition has varied to some extent over the 
surveyed years. The proportion of habitat consisting of shallow (Class 3) versus deeper (Class 2) runs has varied, 
as has the proportion of impoundment pools. This variability is likely explained by the variability in flow levels for 
the different surveys and the presence/absence of beaver dams. The proportion of deeper Class 2 runs was 
highest in 2000 when the habitat survey was conducted in the spring rather than the summer or fall as in the other 
years, suggesting higher water levels would account for the higher proportion of deeper runs. The lack of deeper 
Class 2 runs in 2017/2018 is likely due to the surveys being conducted in October, when flow levels were the 
lowest of any of the surveys. The observation from the 2017/2018 surveys that beaver dams located in the survey 
area were all breached explains the lack of impoundment pools in 2017/2018, and suggest that relatively high 
flows occurred in the creek sometime between the 2000 and 2017/2018 surveys that would have breached the 
dams, such as the recent high flow event that resulted in flooding in the region. This possible flushing of the 
watercourse by a recent high flow event is supported by the lower level of woody debris present in the creek in 
2017/2018 compared to previous years. 


The channel dimensions (widths) were similar among most years at the downstream location, but were higher in 
1996 relative to the other surveys. Similarity between channel widths in 2017 and those recorded in 1999 and 
2000 shows there is no evidence of reduced or increased channel size. The results also show no reduction in 
bank stability over time as indicated by similar slope stability observed between the surveys completed in 1996 
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and 2018. 


The substrate in the downstream location was heavily dominated by fine sediments in all survey years. Although 
some rocky material was recorded in 1999, the potential for the downstream section of lower Fort Creek to 
support spawning by large-bodied fish from the Athabasca River that prefer swift flowing rocky habitat was 
described in all years as very low, due to the small proportion of rocky material and its high degree of 
embeddedness in fine sediment. 


Habitat characteristics at the Fort Creek upstream location have also showed some variability among survey 
years. As with the downstream location, the variability may be explained by differences in flow levels between 
surveys, and possible high flow event(s) occurring prior to the 2017/2018 surveys. In all years the composition of 
channel units was a mix of Class 3 runs and riffles. The highest proportion of runs occurred in 2000 and is likely 
due to this survey occurring during the high water level period in the spring, relative to the summer or fall period 
for the other surveys. A small amount of impoundment pool habitat was recorded in 1996 and 1999, but not in 
2000 or 2017/2018, indicating a lack of beaver dams (or beaver dam integrity) in more recent years. 


The average channel width in the upstream location has varied. It was highest in 2017, which was also the only 
year that the channel width in the upstream location was higher than in the downstream location. The data 
suggests that the channel size at the upstream location has increased and become more similar to the 
downstream location than in previous years. There is no evidence of recent channel destabilization and the bank 
stability rating has not changed, although there is a higher percentage of undercut bank in the area. This increase 
in undercut bank may be due to a recent high flow event, as suggested by the reduction in woody debris at this 
location in 2017/2018. The recent surveys also show there has been a recent increase in rocky substrates 
observed in the upstream location, which may also be indicative of a recent high flow event that may have 
facilitated flushing of some fine sediment from the creek section. 


Fish Populations 


A total of 14 fish species have been recorded in lower Fort Creek for all survey years and locations combined, 
consisting of 2 sport fish species (Burbot, Northern Pike), 2 sucker species (Longnose and White Sucker) and 10 
forage fish species (Table 2). All 14 species have been recorded at the downstream location, while 11 of these 
species were also recorded at the upstream location — consisting of Burbot, both sucker species and 8 forage fish 
species. The somewhat larger number of species at the downstream location is explained by its proximity to fish 
populations in the Athabasca River and to limited upstream fish passage characteristics in the creek in some 
years due to the number of beaver dams and cascades recorded, or to low water depths. Species more typically 
associated with the Athabasca River (such as Northern Pike, Emerald and Spottail Shiner) have only been 
recorded at the downstream station. 


The number of fish species captured in lower Fort Creek in any given year has been highly variable. At the 
downstream location the number of species ranged from only two species in 1999 to nine species in 2012, with an 
average of 4.9 species per survey. The four species recorded in 2017, although about average relative to all 
years, is actually considered relatively high, since the 2017 survey was conducted late in the year (October) 
during a period of regional low flows (the lowest water level of any survey) compared to other survey years. In 
addition, both large-bodied and small-bodied species were present in fall 2017. Again, the variability in species 
presence at the downstream location is due to the proximity to the Athabasca River and occasional use of the Fort 
Creek by some species. The two species captured in 2018 was low but within the historical range. 


At the upstream location, the number of species captured in the various survey years ranged from two species to 
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four species, with an average of 2.8 species per survey. The species recorded in the recent surveys were near 
average (two species) in 2017 and above average (four species) in 2018. The number of species recorded in both 
2017 and 2018 are considered relatively high, since the surveys were conducted late in the year (October) during 
the period of low flows. In addition, both large-bodied and small-bodied species were present in falt 2018. 


Fish abundance (as measured by CPUE) at the downstream location for all survey years prior to 2017/2018 
ranged from 0 fish/100 sec to 13.0 fish/100 sec of electrofishing (average of 4.1 fish/100 sec), and from 0 
fish/trap-hr to 0.25 fish/trap-hr for minnow trapping (average of 0.13 fish/trap-hr). The electrofishing CPUE was 
above average in 2017 (6.4 fish/100s) and below average in 2018 (1.8 fish/100 sec), while the minnow trapping 
CPUE was also above average in 2017 (0.25 fish/trap-hr) and below average in 2018 (0 fish/trap-hr). 


Fish abundance at the upstream location for all survey years prior to 2017/2018 ranged from 0.14 fish/100 sec to 
8.2 fish/100 sec of electrofishing (average of 2.1 fish/100 sec), and from 0 fish/trap-hr to 0.3 fish/trap-hr for 
minnow trapping (average of 0.13 fish/trap-hr). The electrofishing CPUE was below average in 2017 

(0.3 fish/100s) and near average in 2018 (1.7 fish/100 sec), while the minnow trapping CPUE was also below 
average in 2017 (0 fish/trap-hr) and near average in 2018 (0.2 fish/trap-hr). 


Summary 


The results of the fall 2017 and fall 2018 fish and fish habitat surveys indicate that there have been no observable 
change in habitat conditions or fish use that indicate a change in the ability of lower Fort Creek to provide 
productive fish habitats and to continue to provide the creek's natural level of support for fish populations in the 
Athabasca River. Differences in recorded habitat parameters among survey years are likely due to differences in 
flows and water levels associated with the various survey seasons and years, with indications in both survey 
locations that a high flow event occurred between the 2017 survey and the previous surveys. Overall fish species 
presence in lower Fort Creek has been variable and remains so, with sport fish and sucker only occasionally 
present. Despite the 2017 survey being conducted in October and during a period of low water levels, species 
diversity and abundance was at typical levels. 


Update of Fish Habitat Suitability Modelling 


Fish HSI modelling is a method for providing a measure of fish habitat quality as part of the quantification of fish 
habitat productivity. HSI values are combined with measures of habitat quantity (i.e., surface area) to provide an 
estimate of overall habitat productivity, represented by Habitat Units (HUs = HSI x area [m?]). HSI modelling and 
HU quantifications were completed in the Fort Hills Conceptual No Net Loss Plan (Golder 2002) for habitat losses 
expected in Fort Creek. At that time, the plan was to provide compensation for all losses of habitat productivity in 
affected habitats at a ration of 2:1 (2 HU gains to each HU loss). 


The previous HSI modelling employed the 2005 versions of the fish HSI models (Golder 2005). The updated HSI 
modelling was conducted using the current version of the models, which were updated in 2008 (Golder 2008a). In 
addition to using the updated models, all fish and fish habitat data available since the previous modelling efforts 
were compiled and used in the update. Available fish and fish habitat data consisted of the following information: 


m Spring and Summer 1996 Fisheries investigations conducted for the Syncrude Aurora Mine supplemental 
baseline program (Golder 1996). 


m  Fali 1999 Fort Hilis Aquatic Baseline Program (Golder 2000). 


m 2000/2001 seasonal surveys conducted for the Fort Hills Environmental Baseline Study (TrueNorth 2001). 
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m 2006 Fort Creek Fish Salvage Efforts (Golder 2007). 
m 2006 and 2007 Fort Creek Fish and Fish Habitat Monitoring (Golder 2008b). 


m Alberta Environment and Parks (AEP) Fish and Wildlife Management Information System (FWMIS) database 
(АЕР 2019) – containing data collected by А! Pac in 1996; AMEC in 2008 and 2009; Applied Aquatic 
Research in 2008, 2009 and 2013; Hatfield in 2011, 2012 and 2013, and University of Lethbridge in 2014. 


m Regional Aquatics Monitoring data (RAMP 2012, 2013, 2014; AEMERA 2015). 
m For Hills fall 2017 and fall 2018 Lower Fort Creek Fish and Fish Habitat Surveys. 


To facilitate habitat modelling, the Fort Creek channel was divided longitudinally into segments based on 
differences in fish access and channel morphology that influence fish distribution and habitat 
characteristics/suitability. The segments are termed Reaches and were numbered sequentially starting at the 
creek mouth. Fort Creek from the mouth upstream to the current development area was divided into five reaches 
(Figure 1). Reaches 1 through 4 comprise the portion of the creek downstream of the development area and 
Reach 5 occurs within the development area. 


Habitat modelling was conducted for each reach based on the habitat characteristics of the reach and the fish 
species known or assumed to be present (i.e., documented in the catch record for the reach or present in an 
adjacent reach with similar characteristics). The fish distributions for Fort Creek based on all available data are 
provided in Table 2 along with identification of whether presence was documented or assumed. 


Table 3 provides the Reach descriptions and the updated HSI modelling results and HU calculations for Fort 
Creek within and downstream of the current development area. The total estimate for the HUs present in Fort 
Creek is 76,091. This estimate is higher than the HU estimate provided in the Conceptual No Net Loss Plan 
(Golder 2002) due primarily to incorporation of additional data resulting in an increase in the documented number 
of fish species present in each reach, and due to the inclusion of assumed fish distributions. Detailed habitat 
modelling results will be provided in the Fisheries Act application to be submitted for the Susan Lake watershed 
HADD as part of the overall modelling update for Fort Hills. 
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Based on the NNLL having been constructed and now operating, combined with the assessment of lack of effects 
to date on the productivity of lower Fort Creek due to the current development in the upper watershed, and as per 
Authorization AB00-517-2013, Condition 3.8.2, the compensation ratio to account for the reduced time-lag 


between habitat effects and maturation of the compensation habitats in the NNLL. The proposed offset ratios for 
Fort Creek are as follows: 


№  2:11!0г1055е5 sustained to date in Fort Creek (Reach 5, in the current development area); and 


ш 1.5:1 for the remainder of Fort Creek (Reaches 1 through 4). 


Based on the proposed compensation ratios, the total compensation requirement for Fort Creek is 119,632 HUs. 


С согрев 10 


000995 


Appendix A7 Project No. 18101477 
Update to Fort Creek Fish Habitat Modelling April 15, 2019 


3.0 REFERENCES 


AEMERA (Alberta Environment Monitoring, Evaluation and Reporting Agency). 2015. Regional Aquatics 
Monitoring in Support of the Joint Oil Sands Monitoring Plan 2014 Program Report. Prepared for the 
Alberta Environment Monitoring, Evaluation and Reporting Agency by Hatfield Consultants, Kilgour and 
Associates Ltd. and Western Resource Solutions. April 2015. 


АЕР (Alberta Environment and Parks). 2019. Fish and Wildlife Management Information System Database – Fish 
and Wildlife Internet Mapping Tool. Located at: https:/Awww.alberta.ca/access-fwmis-data.aspx#toc-0. 
Accessed March 2019. 


Golder (Golder Associates Ltd.). 1996. Addendum Report to Syncrude Aurora Mine Environmental Baseline 
Program: Spring and Summer 1996 Fisheries Investigations. Submitted to Syncrude Canada Ltd., Fort 
McMurray, Alberta. September 1996. 


Golder. 2000. Fall 1999 Aquatics Baseline Program for the Fort Hills Oil Sands Project. Submitted to Koch 
Exploration Canada Ltd., Calgary, Alberta. August 2000. 


Golder. 2002. Fort Hills Oil Sands Project Conceptual No Net Loss Plan. Submitted to TrueNorth Energy LP. 
December 2002. 


Golder. 2005. Shell Jackpine Mine — Phase 1. No Net Loss Habitat Compensation Plan, Fish Species Habitat 
Suitability Index Models Supporting Documentation. Prepared for Shell Canada Ltd. February 2005. 


Golder. 2006. Fort Hills Oil Sands Project No Net Loss Plan, Volume | — Main Report. Submitted to Fort Hills 
Energy Corporation. September 2006. 


Golder. 2007. Fort Hills Oil Sands Project Summary of Fish Salvage Efforts on Fort Creek Fall and Winter 2006. 
Submitted to Petro-Canada oilsands Inc. March 2007. 


Golder. 20008a. Fish Species Habitat Suitability Index Models for the Alberta Oil Sands Region. Version 2.0. 
October 2008. 


Golder. 2008b. Fort Hills Oil Sands Project Fort Creek Fish and Fish Habitat Monitoring 2006 and 2007. 
Submitted to Petro-Canada Oil Sands Inc. November 2008. 


RAMP (Regional Aquatics Monitoring Program). 2004. Review of Historical Fisheries Information for Tributaries of 
the Athabasca River in the Oil Sands Region. Oil sands regional Aquatics Monitoring Program (RAMP) 
2004. February 2004. 


RAMP. 2012. Regional Aquatics Monitoring Program 2011 Technical Report – Final. Prepared for ће RAMP 
Steering Committee by the RAMP 2011 Implementation Team — Hatfield Consultants, Kilgour and 
Associates Ltd. and Western Resource Solutions. April 2012. 


RAMP. 2013. Regional Aquatics Monitoring Program 2012 Technical Report — Final. Prepared for the RAMP 
Steering Committee by the RAMP 2012 Implementation Team – Hatfield Consultants, Kilgour and 
Associates Ltd. and Western Resource Solutions. April 2013. 


RAMP. 2014. Regional Aquatics Monitoring Program 2013 Technical Report — Final. Prepared for the RAMP 
Steering Committee in Support of the JOSMP by the RAMP 2013 Implementation Team — Hatfield 


© согрев T 


000996 


Appendix A7 Project No. 18101477 
Update to Fort Creek Fish Habitat Modelling April 15, 2019 


Consultants, Kilgour and Associates Ltd. and Western Resource Solutions. April 2014. 


TrueNorth (TrueNorth Energy LP). 2001. Application for Approval of the Fort Hills Oil Sands Project. [Volume 2: 
Environmental Baseline Study]. Application and Environmental Impact Assessment. June 2001. 


С COLDER 12 


000997 


diha 


Hatfield 


CONSULTANTS 


Mrs. T's Lake Monitoring Program 
2018 Technical Report 


April 2019 


Prepared for: 
Canadian Natural Resources Ltd. 
Calgary, Alberta 


#200 - 850 Harbourside Drive, North Vancouver, British Columbia, Canada V7P 0A3 • Tel: 1.604.926.3261 • Fax: 1.604.926.5389 • www.hatfieldgroup.com 


000998 


e 


Hatfield 


CONSULTANTS 


MRS. T'S LAKE MONITORING PROGRAM 


2018 TECHNICAL REPORT 


Prepared for: 


CANADIAN NATURAL RESOURCES LTD. 
1229 855 - 2 STREET SW 
CALGARY, AB 
CANADA T2P 4J8 


Prepared by: 
HATFIELD CONSULTANTS 
#200 - 850 HARBOURSIDE DRIVE 
NORTH VANCOUVER, BC 
CANADA V7P 0A3 


APRIL 2019 


CNUL9184 
VERSION 2 


#200 - 850 Harbourside Drive, North Vancouver, BC, Canada V7P 0A3 . Tel: 1.604.926.3261 . Toll Free: 1.866.926.3261 . Fax: 1.604.926.5389 . www.hatfieldgroup.com 


000999 


ТАВ(Е ОР СОМТЕМТ5 


LIST OF TABLES соли арени ннан ЫЫЫ АНАНАН АКЫЙДАДА ii 
LIST OF Xt lioc UE ——— ii 
LIST OF APPENDICES данном новь аа замерах iv 
LIST-OF ACRONYMS sn restant it ТААК: у 
EXECUTIVE SUMMARY e ———— vi 
DISTRIBUTION LIST Sa ——À ix 
AMENDMENT: RECORD Pe ————ÓÍ ix 
ТАК INTRODUC TION dde nanas 1 
1.1 BACKGROUND ЖЕККЕН КЕНТ 1 

1.2 РОЕРОЗЕ ——————————————————— — 2 

1.3 ENVIRONMENTAL: SETTING ioe ciscccsccsiccesscccsceseniveceseceassevesesedscsciinsssbaancsarccsvesseies 2 

20. METHODOLOGY ciini ep ы дығы как банкі rao VR RS інін 4 
21 -YEAR ONE STUDY РЕЗ!ОМ. аи RN 4 

2.2 FIELD РАТА COLLECTION orm 5 

2.2.1 Нудгојоду ARR 5 

2.2.2 Water Quality ла бан ТИР СТК КОК el visse ee esee Un 9 

2.2.3 ITO mec 10 

2.3 ANALYTICAL APPROACH AND DATA АМАГҮЅІ5......................................... 11 

2.3.1 Hydtology: аи ue rare dik cost bed dad T en ed suae кт e Suecus 11 

2.3.2 Water Quality ооо ДЫ codes mena eee sm ei ылы: 20 

2.9.3. Sediment Quality „зада ores ee Ine to Пари 23 

3.0 RESULTS sls lpeire,m————————————Á— 26 
3.1 QUALITY ASSURANCE AND QUALITY СОМТВОІ.......................................... 26 

3.2 REGIONAL СОМТЕХТ...... ———————Á—— ыны НЗ 27 

3.2.1 lur ал ———————— HÀ 27 

3.2.2 Flydrology.. ла ev di E i шы алаға оный 28 

3.3 МК: ТАКЕ. 3 ини ний раа cere terra Eng E Fear ий ran ieu ӨЙ ем YR XE DS 29 

3.3.1 ao [Ко [ое E 29 

3.3.2 МаегОцану "ttm 40 

3.3.3 Sediment: Quality’... касание ее бал 53 

3.3.4 Fish PasSage оао 58 

3.3.5 Geomorphic Stability of Inlet and Outlet Channels ............................... 59 

4:0- CONCLUSIONS, сл ено red prin Epub арады veram Etwa doa cundo se ЫН 61 
5.0. (RECOMMENDATIONS. оон 62 
ӨЛЕ: -REFERENCES ал ји он тканина ари rennes eias пива MD UA 63 
Mrs. T's Lake Monitoring Program i Hatfield 


2018 Technical Report 


001000 


LIST OF TABLES 


Table 1 Year One sampling undertaken in support of Mrs. T's Lake Monitoring Program.............. 4 
Table 2 Mrs. T.S- Lake monitoring: Stations... лера Мылы aee Ro адна: 5 
Table 3 HEC-RAS steady flow model input data... 13 
Table 4 2018 SDR date range, equation, and grades for station ІС-1. ......................................... 13 
Table 5 2018 SDR date range, equation, and grades for station МВ-О........................................ 14 
Table 6 Stage-discharge rating points generated from the HEC-RAS model for Mrs. T's 

Lake outlet channel station (OC-1), 2018... 16 
Table 7 Date range, equation, and grades for the 2018 stage-discharge curve for Mrs. T's 

Lake outlet channel station (OC-1), 2018... 16 
Table 8 Approximate depth-area relationship (bathymetry) for Mrs. T's Lake, 2018..................... 19 
Table 9 MRME Compensation Lake water balance component data ѕоигсез.............................. 19 
Table 10 Water quality variables measured in Mrs. T's Lake, summer and fall 2018. .................... 22 
Table 11 Sediment quality variables measured in Mrs. T's Lake, August 2018.............................. 24 
Table 12 2018 and historical monthly precipitation and month-end snow depths measured 

atthe:C1 Climate: Station злее ИЕКТЕН ЕРКЕК ТТАР 27 
Table 13 2018 and historical mean, maximum, and minimum monthly air temperatures 

measured at the C1 Climate Station. .............. eere tren өтемек oae Fa раса сеп њива 28 
Table 14 Discharge measurements taken at three locations along the inlet channel to Mrs. 

То баке, Арп! 27; 20418 E———— 34 
Table 15 Monthly water balance component totals for Mrs. T's Lake, 2018 Water Year. ............... 38 
Table 16 Summary statistics for near-continuous measurements of water quality at PZ-1 

Augüst to October 2018... а за Rr eiie te тата етно атентата ы ыда 45 
Table 17 Seasonal concentrations of select water quality endpoints measured in Mrs. T's 

Lake; O Li K a а SED M bct dat Maece Lois ВАЛА ата ава 49 
Table 18 Seasonal trophic status, trophic class, total nitrogen to phosphorus molar ratios, 

and the predicted limiting nutrient in Mrs. T's lake, 2018.................................................. 53 
Table 19 Sediment quality data collected from MRME Compensation Lake in August 2018. ........ 54 
Table 20 Results for Mean Hyalella azteca and Chironomus dilutus Survival and Growth............. 57 
Table 21 Inlet channel thalweg elevations surveyed on April 27, 2018........................................... 60 

LIST OF FIGURES 

Figure 1 Mrs. T's Lake monitoring locations, 2018... 3 
Figure 2 Cross-section survey locations on the Lake outlet channel, 2018...................................... 8 
Mrs. T's Lake Monitoring Program ii Hatfield 


2018 Technical Report 


001001 


Figure 3 Stage discharge curve used to compute continuous discharge data for Mrs. T's 

Lake - Inlet Channel station (IC-1), 2018... 14 
Figure 4 Stage discharge curve used to compute continuous discharge data for Mrs. T's 

Lake – Muskeg River at Lake Inlet Channel station (MR-U), 2018. ................................. 15 
Figure 5 Beaver dam located 200 m downstream of the Muskeg River at Lake Inlet 

Channel station (MR-U), June 5, 2018... 15 
Figure 6 Stage discharge curve used to compute continuous discharge data for Mrs. T's 

Lake Outlet Channel station (OC-1), 2018. нын. 17 
Figure 7 WSC 07DA008 Muskeg River near Fort MacKay 2018 and historical mean daily 

discharge and historical discharge statistics... 29 
Figure 8 Daily water levels recorded at the upstream (MR-U) and downstream (MR-D) 

Muskeg River hydrology stations through the 2018 Water-Year. ..................................... 30 
Figure 9 In-channel vegetation near the downstream (MR-D) and upstream (MR-U) 

Muskeg River hydrology stations, 2018... 31 
Figure 10 Muskeg River daily discharge at the upper Muskeg River (MR-U) and 

Environment Canada (07DA008) stations and C1 daily precipitation, 2018 WY.............. 32 
Figure 11 Daily discharge recorded at the upper Muskeg River (MR-U) and Inlet Channel 

(IC-T)'stations:during ‘the: 201.8: WY......... e terre reir reri erret ce eerte т екеніне 33 
Figure 12 Inlet channel flow conditions during the 2018 Water Үеаг................................................ 34 
Figure 13 Inlet channel daily discharge and Muskeg River daily diversion threshold, 2018 

M Cd ERIT ILI 36 
Figure 14 Daily water levels recorded at Mrs. T's Lake (station LL-1) over the 2018 WY................ 37 
Figure 15 Rill erosion from ponding water and suspected shallow groundwater seepage on 

the south shore of the Lake, April 12, 2017... 39 
Figure 16 Daily outlet channel discharge and Lake levels, 2018 Water Year. ................................. 40 
Figure 17 Daily average water temperature in the Mrs. T's Lake, collected at one-metre 

intervals from the lake surface to bottom, July 24 to October 18, 2018. .......................... 41 
Figure 18 Seasonal depth profiles of temperature, pH, dissolved oxygen, and specific 

conductance in Mrs. T's Lake, 2018... 43 
Figure 19 Daily average water quality records and air temperature collected from PZ-1 

surface, 6 m and 12 m depths, and the corresponding in situ profile 

measurements: Mrs: ls Lake; 2018: 2. iri Here tee RO egeo Rr ia станар 46 
Figure 20 Piper diagram of ion concentrations in the main basin of the Mrs. T's Lake, 

SUMMER 2018; лилии ее Но ЙЫН 51 
Figure 21 Piper diagram of ion concentrations in the main basin of the Mrs. T's Lake, fall 

2018... онан наанаа eden eyes 52 
Figure 22 Chironomus dilutus survival and growth during 10-day static exposure to 

sediments from the LZ-INLET, LZ-COMP, and the PZ-1 stations of Mrs. T’s Lake, 

AUQUSE 2018 ЗВАНИ НИНА иын ннн ы тре ООО медет еее Ын» тен УКЫЙ. 57 
Mrs. T's Lake Monitoring Program iii Hatfield 


2018 Technical Report 


001002 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Figure 23 Hyalella Azteca survival and growth during 14-day static exposure to sediments 
from the LZ-INLET, the LZ-COMP, and the PZ-1 stations of the Lake, August 
ОЕ В — ——Á— 58 
Figure 24 Inlet Channel erosion observed on April 27, 2018............................................................ 60 
LIST OF APPENDICES 
Appendix A1 Quality Assurance and Quality Control 
Appendix A2 Surface Water Hydrology Data 
Appendix A3 Surface Water Quality Data 
Appendix A4 Sediment Quality Data 
Appendix A5 Station Information Sheets 
Mrs. T's Lake Monitoring Program iv Hatfield 


2018 Technical Report 


001003 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


LIST OF ACRONYMS 


ADCP Acoustic Doppler current profiler 

ADV Acoustic Doppler velocimeter 

АЕР Alberta Environment and Parks 

AER Alberta Energy Regulator 

AESRD Alberta Environment and Sustainable Resource Development 
BC MOE British Columbia Ministry of Environment 

CNRL Canadian Natural Resources Limited 

DFO Department of Fisheries and Oceans Canada 

ECCC Environment and Climate Change Canada 

EPEA Environmental Protection and Enhancement Act (Alberta) 
FSL Full supply level 

GPS Global positioning system 

GW Groundwater 

HADD Harmful alteration, disruption, and destruction 
HEC-RAS Hydrologic Engineering Center's River Analysis System 
JOSMP Joint Oil Sands Monitoring Program 

JPM Jackpine Mine 

MRME Muskeg River Mine Expansion 

MSL Mineral surface lease 

NNLP No Net Loss Plan 

SDR Stage-discharge relationship 

TDL Temporary diversion licence 

USGS United States Geological Survey 

WSC Water Survey of Canada 

WY Water year (November 1 to October 31) 

Mrs. T’s Lake Monitoring Program v 


2018 Technical Report 


Hatfield 


001004 


EXECUTIVE SUMMARY 


In October 2013, Fisheries and Oceans Canada (DFO) issued an amendment to Fisheries Act Authorization 
(no. ED-05-3287-2) which approved Shell Energy Canada (Shell) to construct and operate a compensation 
Lake (the Lake) within the Jackpine Mine lease area. DFO also approved a revised No Net Loss Plan 
(NNLP) and Detailed Design (Norwest 2013) as a condition of this amended Authorization. The Lake was 
designed to offset harmful alteration, disruption, and destruction (HADD) of fish habitat resulting from the 
Muskeg River Mine Expansion Project (the Project) at a minimum 2:1 compensation ratio. As an offline 
Lake, diversion of the Muskeg River was necessary to fill the basin. Thresholds for Muskeg River diversions 
to the Lake were proposed in Shell's No Net Loss Plan (Shell 2013) and submitted to DFO and Alberta 
Energy Regulator (AER). The thresholds were based on the Muskeg River Interim Management Framework 
for Water Quantity and Quality (Alberta Environment 2008), which recommends that Muskeg River 
diversions should not exceed 15% of the Muskeg River flow. Amended Temporary Diversion Licences (TDL 
nos. 00394627 and 00410160) were issued to Canadian Natural following their acquisition of the Project in 
June 2017, to divert up to 1,790,259 m? from Muskeg River to the Lake from the dates of June 1, 2017 to 
April 30, 2018 and from May 1, 2018 to May 2, 2019, respectively. 


Construction of the Lake basin was completed in April 2016 (Norwest 2017). Norwest issued a Construction 
Completion Certificate on behalf of Shell Canada, which was accepted by DFO. Lake filling commenced when 
diverted flows from the Muskeg River entered the Lake. A hydrometric monitoring network was installed to 
monitor Lake levels and diversions from the Muskeg River to the Lake. Monitoring in 2016 and 2017 indicated 
that the Lake was not filling at rates expected in the detailed design. Shell (now Canadian Natural) contracted 
Hatfield Consultants (Hatfield) in April 2017 to operate the hydrometric monitoring network and assess the 
ability of the inlet channel to convey water under different Muskeg River flow scenarios. Findings of the 
assessment verified that the elevation of the Inlet Invert was too high to convey design flows to the Lake 
during normal ranges of flow in the Muskeg River. Canadian Natural obtained approval from the AER and 
DFO to lower the inlet channel and Inlet Invert to an elevation that would allow the Lake to fill more effectively, 
with repairs to the inlet channel completed in March 2018. Canadian Natural proposed and received AER and 
DFO approval to further lower the inlet channel (beyond design) to 277.4 masl as a risk management measure 
to ensure lake filling. 


Repairs to the inlet channel resulted in increased diversions to the Lake during the April to May 2018 freshet 
floods. The Lake filled, reaching the FSL on May 4, 2018. Filling of the Lake triggered the closure of the TDL 
and initiation of Year One monitoring as specified in the 5-Year Plan, which included assessments of 
hydrology, water quality, sediment quality and sublethal toxicity, fish passage, and inlet and cutlet channel 
stability. Upon filling, the Lake also spilled to the outlet channel, which conveyed flow to the Muskeg River for 
37 days in 2018. The inlet channel maintained consistent surface water flow from March to the end of the 
Year One monitoring period (October 31, 2018). 


Hatfield conducted six field visits to the hydrometric stations in 2018, and an additional seventh visit to the 
inlet channel station. Visits included station maintenance and equipment installation, downloading 
continuous data, and conducting manual stage and discharge measurements at stations located on the 
Lake, the inlet and outlet channels, and Muskeg River. Stage-discharge relationships were developed for 
the Muskeg River near the inlet, the inlet channel, and the outlet channel; continuous discharge data were 
then derived for each of these locations. 
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Regional data from the C1 Aurora Climate Station indicated that climate conditions in 2018 were wetter and 
warmer than the historical averages. Large fluctuations in air temperature were evident in 2018, with the 
highest and lowest respective maximum and minimum monthly air temperatures on record for most months 
of 2018. Discharge data from Water Survey of Canada Station 07DA008 on the Muskeg River indicated 
regional flows were lower than average in most months of the 2018 Water Year (November 1, 2017 to 
October 31, 2018). 


Continuous discharge data derived for the inlet channel estimated a reportable diversion volume of 
1,609,805 m? from Muskeg River to the Lake occurred between November 1, 2017 and May 4, 2018 (date 
of Lake filling, after which the TDL was closed). The inlet discharge data demonstrated that diversions did 
not exceed thresholds set in the TDL, with the total diversion representing 8196 of the volume allocated in 
the TDL. However, diversions did exceed 15% of Muskeg River flows for 24 days in 2018, which may have 
affected the downstream hydrology of the Muskeg River. Discussions between Canadian Natural and AER 
in November 2017 identified a diversion threshold to minimize impacts to the Muskeg River, where no 
diversions to the inlet channel were to occur at Muskeg River flows below 0.51 m?/s; however, issues with the 
stability of the Inlet Invert resulted in diversions occurring from March 20 to April 14, 2018, when Muskeg River 
flows were below 0.51 m/s. It should be noted that daily diversions at this time only accounted for 
approximately 396 of Muskeg River flows. From April 15 onwards, Muskeg River flows were above the 0.51 
m/s diversion threshold. 


Lake bathymetry data from the detailed design (Norwest 2017) and continuous level data from the hydrometric 
stations were used to calculate daily Lake volumes for 2018. Lake volume increased by 1,507,412 m? over 
the 2018 WY, culminating in a total volume of 2,064,838 m? and 9096 FSL capacity. Daily Lake volume, 
precipitation, evaporation, and inlet and outlet channel flow data were used to calculate a 2018 water balance 
for the Lake. The water balance results indicated that the Lake is holding water as designed, and that surface 
water inputs (inlet channel flow) and groundwater were the most significant components affecting Lake 
storage volume changes over the 2018 WY. 


Sustained flow recorded in the inlet channel between March 18 and October 31, 2018 consistently provided 
water depths greater than 0.1 m, which was the minimum prescribed depth for fish passage in the No Net 
Loss Plan. Intermittent flow in the outlet channel may have also provided fish passage between the Muskeg 
River and the Lake in 2018. There were no observations of flow obstructions in the channels, and no 
stranded fish or mortalities were observed. 


During April 2018 freshet flows, large amounts of channel erosion and head cutting occurred in the inlet 
channel, resulting in bed scour measured as high as 0.6 m. Subsequent elevation surveys of key locations 
in the inlet indicated that channel elevation stabilized after the freshet event, remaining relatively unchanged 
for the remainder of the 2018 WY. The geomorphic stability of the outlet channel was not assessed in 2018, 
due to only 37 days of low magnitude discharge (less than 0.2 m?/s). 


Analytical water chemistry was sampled in the pelagic and littoral zones of the Lake in July and September 
(summer and fall) 2018. Limnological depth profiles and in situ water quality measurements were also 
collected at these locations in July, August, and September. A monitoring buoy outfitted with continuous- 
monitoring water quality sondes at near surface, mid-water column, and near bottom depths was also 
installed at the mid-lake station in August. Results of continuous and in situ water quality monitoring 


indicated that the lake was thermally stratified during the summer months. DO concentrations in the Lake 
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were below guidelines for the protection of aquatic life (GoA 2018) at depths greater than 4 m until seasonal 
mixing occurred in fall. pH remained within guidelines during the open-water period. Concentrations of all 
analytical water quality variables except iron and boron were below guidelines for the protection of aquatic 
life (GoA 2018) in 2018. These exceedances are considered representative of naturally occurring conditions 
in the local study area, with similar observations commonly occurring in the Muskeg River watershed. 


Sublethal toxicity testing was completed on sediments collected from the mid-lake and littoral stations in 
August. 2018 sediment toxicity test results indicated that pelagic sediments had an ecologically significant 
effect on the growth of Hyalella; however, all sediment quality analytes were below the interim sediment 
quality guidelines and probable effect levels in 2018, and there were no toxic effects on invertebrate survival 
observed in the lab testing, suggesting the Lake sediments are capable of supporting a diverse community 
of aquatic invertebrates. 
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1.0 INTRODUCTION 
1.1 BACKGROUND 


Shell Canada Energy Limited (hereafter Shell) was issued an amended Authorization from Fisheries and 
Oceans Canada (the Authorization, ED-05-3287-2, DFO 2013) for the Muskeg River Mine Expansion 
Project (the Project) in October 2013. The Authorization requires the proponent to develop a compensation 
lake that provides a minimum 2:1 compensation ratio for the habitat affected by the Project. A revised No 
Net Loss Plan (NNLP; Shell 2013) developed to address amendments to the Authorization included 
provisions for sport and forage fish habitat compensation to offset expected harmful alteration, disruption, 
or destruction (HADD) of fish habitat associated with the Project. 


The detailed design of the Muskeg River Mine Expansion Compensation Lake (henceforth referred to as Mrs. 
T's Lake, or the Lake) stipulated that filling would occur by diverting water from the Muskeg River (Norwest 
2013). The NNLP states that Muskeg River water diversions should not exceed 15% of the flow in the Muskeg 
River under non-flooding conditions, and that no diversions should occur during low flow periods. These 
diversion guidelines were based on recommendations from the Muskeg River Interim Management 
Framework for Water Quantity and Quality (Muskeg River Framework, Alberta Environment 2008). 


Construction of the Lake basin was completed in spring 2016 (Norwest 2017), and filling was initiated via a 
constructed inlet channel that connects the Lake to and draws flows from the Muskeg River. An outlet 
channel has also been commissioned to return flows to the Muskeg River once filling of the Lake has been 
completed. The Lake has a total surface area of 41.4 ha at Full Supply Level (FSL), including 18 ha (43.7 
%) of littoral zone habitat. The Lake design provides a mean depth of 5.7 m and a maximum depth of 12.2 
m at FSL. Both the inlet and outlet channels have bottom bed widths of 1 m and bank slopes with 2H:1V 
aspect ratios (Norwest 2013), and incorporate design specifications to facilitate fish movement between the 
Lake and the Muskeg River under FSL conditions and when Muskeg River flows are above 1.58 m?/s. 


Hatfield Consultants (Hatfield) developed a monitoring plan for the first five years following commissioning 
(filling) of the Lake (Hatfield 2016). The 5-Year Plan (or Program) is designed to satisfy requirements of the 
DFO Authorization and includes provisions for evaluating the effectiveness of the compensation habitat, 
including surface hydrology, water quality, and sediment quality assessments, and aquatic vegetation, 
plankton, benthic invertebrate, and fish community monitoring. 


In June 2017, operation of the Project transitioned from Shell to Canadian Natural Resources Limited 
(Canadian Natural) on behalf of Canadian Natural Upgrading Limited. This transition included the transfer 
of the Temporary Diversion License (TDL# 00394627) issued by the Alberta Energy Regulator (AER 2017а) 
to divert water from Muskeg River to the Lake. The TDL allocated a maximum diversion volume of 1,790,259 
m?, and a maximum instantaneous diversion rate of 2.36 m?/s. Hatfield was contracted by Canadian Natural 
to conduct monitoring of the Lake, the inlet and outlet channels, and the Muskeg River at the Lake inlet and 
outlet in 2017. This monitoring was undertaken in addition to requirements listed in the 5-Year Plan, for the 
purpose of providing information on the hydrology of the Lake during filling, and to document compliance 
with the TDL conditions. The Lake only partially filled in 2017 and the hydrometric monitoring initiative was 
extended into 2018. Canadian Natural received approval from AER to undertake repairs to the inlet channel 
in March 2018, to allow flows to be diverted to the Lake during lower discharge periods in the Muskeg River. 


Mrs. T's Lake Monitoring Program 1 Hatfield 


2018 Technical Report 


001009 


From Арп! to May 2018, а portion of the Muskeg River freshet floods were effectively diverted to the inlet 
channel, culminating in Lake filling to FSL on May 4, 2018. Diversions occurring between May 1 to 4, 2018 
fell under the amended TDL (no. 004101060, AER 20176). Filling of the Lake effectively closed the TDL 
and triggered the initiation of monitoring for Year One of the 5-Year Plan. Year One monitoring was initiated 
in May 2018, and consisted of water quality, sediment quality and sublethal toxicity, fish passage, and inlet 
and outlet channel stability assessments, as well as the continuation of hydrometric monitoring. 


1.2 PURPOSE 


Year One of the Program was initiated in May 2018 after the Lake reached FSL. The Year One program 
was undertaken to fulfill Authorization requirements to monitor Lake conditions, while the supplemental 
monitoring conducted between November 2017 and May 2018 was undertaken to assess the diversion of 
flows from Muskeg River to the Lake prior to filling to FSL. The primary objectives of these studies were: 


1. Quantify and assess Muskeg River flows and diversions to the Lake; 

2. Assess the hydrology of the Lake; 

3. Monitor and assess water and sediment quality conditions in the Lake; 

4. Assess fish passage to and from the Lake; and 

5. Assess the geomorphic stability of the constructed inlet and outlet channels. 


This report provides detailed discussions on the monitoring station locations and variables monitored 
(Section 2.1), field and data analysis methods (Section 2.2 and 2.3, respectively), and results of the 2018 
Water Year (November 1, 2017 to October 31, 2018) monitoring activities (Section 3.0). Results and 
conclusions are provided in Section 4.0 and recommendations for the 2019 monitoring program are 
provided in Section 5.0. Detailed quality assurance/quality control (QA/QC) data are provided in Appendix 
A1, surface water hydrology data are provided in Appendix A2, surface water quality data are provided in 
Appendix A3, and sediment quality and toxicity data are provided in Appendix A4. 


1.3 ENVIRONMENTAL SETTING 


Mrs. T's Lake is positioned within the Jackpine Mine Mineral Surface Lease, approximately 100 km north 
of Fort McMurray, Alberta. The Lake is located within the Muskeg River catchment, approximately 250 m 
northeast of the confluence of the Muskeg River and Jackpine Creek. The section of the Muskeg River 
adjacent to the Lake is generally characterized by a u-shaped channel with low banks, and low-gradient, 
slow-flowing water. Channel substrate is dominated by fine materials, and beaver activity and 
impoundments are present in the area. 


The Lake covers an area of approximately 41.4 ha at FSL (Norwest 2013) and has a roughly rectangular 
shape with a north-south axis length of approximately 800 m and west-east axis of approximately 500 m. 
An inlet channel connects Muskeg River to the northwest corner of the Lake, and an outlet channel returns 
flow to the Muskeg River from the southwest corner of the Lake (Figure 1). Access to the Lake is by an all- 
weather road that connects with the Jackpine Mine Imperial Oil Limited Road. The location of the Lake 
relative to the Athabasca oil sands region is provided in Figure 1 below. 
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Document Released Under the Access to 
Information Act / Document divulgué en ve 


de la Loi sur l'accès à l'information. 


2.0 METHODOLOGY 
2.1 YEAR ONE STUDY DESIGN 


As specified in the 5-Year Plan (Hatfield 2016), Year One monitoring consisted of continuous and discrete 
hydrology, continuous water quality, analytical water chemistry, limnological water quality, analytical 
sediment chemistry, and sediment toxicity testing of the Lake, and fish passage and geomorphic 
assessments of the inlet and outlet channels. Table 1 lists all monitoring activities completed in Year One 
as specified under the 5-Year Plan and Table 2 lists the Program monitoring stations and the variables 
recorded at each location. Figure 1 shows the locations of the monitoring stations, and the Lake location 
relative to the Athabasca oil sands region. Additional details on continuous monitoring station equipment, 
benchmarks, and station layouts are provided on the Site Information Sheets in Appendix A5. 


Table 1 Year One sampling undertaken in support of Mrs. T's Lake Monitoring 
Program. 
Sampling Activity Sampling Frequency Sampling Locations Notes 
Water Chemistry Quarterly PZ1 and Outlet Sampling completed in July and 
locations September (i.e., summer and fall) 
only 
Limnological Water Once per month in March, PZ1 Assessments completed in July, 
Quality Assessment June, July, August, and August, and September 
September 
Sublethal Toxicity Once in August PZ1, Lake Inlet One-time sampling event in inlet, 
Testing (sediments) required in 2018 only 
Sediment Chemistry Once in August PZ1, Lake Inlet One-time sampling event in inlet, 
(Lab) required in 2018 only 
Water Quality Every 15 Minutes from May PZ1 Continuous monitoring was 
(Continuous) to October (dependent on ice completed at PZ1 from August to 
conditions) October 
Lake Level, Inlet, and Every fifteen minutes from LL-1, IC-1, and OC-1 
Outlet Gauging November to October (water 
(Continuous) year) 
Muskeg River Gauging Every fifteen minutes from MR-U and MR-D 
(Continuous) November to October (water 
year) 
Lake Level and Outlet Every fifteen minutes from OC-1 
Gauging (Continuous) November to October (water 
year) 
Channel Stability of May and September Inlet and Outlet Completed only at the inlet 
Lake Inlet and Outlet Channels channel 
Fish Passage May and September Inlet and Outlet 


Channels 
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Table 2 Mrs. Т'5 Lake monitoring mtations. 


Station Name Station ID UTM Coordinates (Zone 12V) Variables Monitored 

Lake Level LL-1 Water level, water temperature 
472096 E, 6347404 N i 

Lake latet Channel ІС-1 Discharge, water level, water 


temperature, Inlet Channel photos 


Water level, water temperature, 


Lake Outlet Channel OC-1 471709 E, 6346702 М | А 
баготе с pressure, air temperature 


Muskeg River at Lake Inlet Discharge, water level, water 


Channel MR-U 472041 E, 6347491 N temperature 
2... of MR-D 471587 E, 6346641 N Water level, water temperature 
In-situ and analytical water chemistry, 
Pelagio Zone ЕЕ с И ы 
quality 
Littoral Zone 121 472045 Е, 6347338 М Sediment chemistry and toxicity 
Littoral Zone LZ2 472345 Е, 6347470 N Sediment chemistry and toxicity 
Littoral Zone LZ3 472278 Е, 6347273 М Sediment chemistry and toxicity 
Littoral Zone LZ4 472298 Е, 6347005 N Sediment chemistry and toxicity 
Littoral Zone LZ5 472571 Е, 6346749 N Sediment chemistry and toxicity 
Littoral Zone LZ6 472229 Е, 6346655 М Sediment chemistry and toxicity 
Littoral Zone LZ7 471828 E, 6346725 М Sediment chemistry and toxicity 
Littoral Zone LZ8 471906 Е, 6347067 М Sediment chemistry and toxicity 
Outlet of Lake Outlet 471779 E, 6346706 N In situ and analytical water quality 
Inlet of Lake LZ-INLET 472079 E, 6347356 N Sediment chemistry and toxicity 


2.2 FIELD DATA COLLECTION 


2.2.1 Hydrology 


Hydrology monitoring in 2018 consisted of six routine visits to the hydrometric stations listed in Table 1, 
including visits in April, May, June, August, September, and October. An additional visit to IC-1 was 
conducted in late April. 


2.2.1.1  Hydrometric Stations 


Each of the hydrometric stations listed in Table 2 were configured to collect near-continuous measurements 
of water level and water temperature. The data collection interval at each station was set to 15 minutes, 
and water level and temperature data were collected using a calibrated, submersible pressure transducer 
connected to an external datalogger. All hydrometric stations, excluding MR-D, were equipped with cellular 
telemetry to facilitate near-real-time data transmissions to Hatfield's internal hydrometric database. Logging 
equipment was contained inside weather-proof enclosures that were mounted to steel signposts driven into 
the ground. Power supplies consisted of 12 V batteries charged by solar panels. The pressure transducers 
designated for stations IC-1 and LL-1 were configured to the same external datalogger, power supply, and 
telemetry system. 
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Hydrometric station visits included downloading hydrometric data and servicing automated monitoring 
equipment, replacing station desiccant, and installing new hardware on an as-needed basis. Equipment 
deployments completed in 2018 included replacement of the existing Levelogger sensor with an OTT 
pressure level sensor (PLS) at OC-1 and establishing new survey benchmarks at OC-1. 


2.2.1.2 Water Level Surveys 


Manual water level surveys were completed during each 2018 field visit to MR-U, MR-D, OC-1, LL-1, and 
IC-1. Procedures for conducting water level surveys were derived from standards published by BC Ministry 
of Environment (BC MOE 2009). Water level elevations were measured to the nearest 0.001 m with an 
Engineer s level. Each survey consisted of two setups, with an acceptable level difference of «0.004 m 
between the two measurement sets. Surveys were conducted using three independent benchmarks as 
elevation controls at each station, with water level elevations measured directly above or adjacent to the 
pressure transducer. The geodetic datums assigned to the benchmarks at each station were derived from 
a precision GPS survey conducted by Canadian Natural staff in September 2017. 


2.2.1.3 Discharge Measurements 


Discharge measurements were completed during each 2018 field station visit to MR-U, IC-1, and OC-1 in 
2018. Streamflow measurements were collected using either the wading area-velocity method or the 
Acoustic Doppler Current Profiler (ADCP) method, with procedures consistent with Water Survey of Canada 
(WSC 2001, 2013), United States Geological Survey (USGS 1982), and BC MOE (BC MOE 2009) 
recommendations and protocols. Measurement standards are summarized below: 


Area-Velocity Method 


= Number of verticals: minimum of 20, or at a minimum spacing of 0.05 m in small streams; 
= Number of velocity observations per vertical measurement: 


o Where depth was 0.75 m or less, one observation was made at 60% of the depth below 
the surface; 


o For depths greater than 0.75 m, observations were made at 20% and 80% of the depth 


below the surface; and 


= Velocity averaging: 40-second averages were measured using a Sontek FlowTracker ADV 
(Acoustic Doppler Velocimeter). 


ADCP Method 


* Configure the ADCP with site-specific information and settings, including the site name, crew 
member names, transducer depth, and magnetic declination of the measurement location 
(approximately 13.65 degrees for Fort McMurray in 2018). 


= Complete and pass system tests and compass calibration during the setup procedure. 


= Navigate the ADCP across the measurement cross-section in a direction perpendicular to the flow, 
ensuring a steady pace where the velocity of the moving ADCP does not exceed the velocity of the 
water in the channel. 


Mrs. T's Lake Monitoring Program 6 Hatfield 


2018 Technical Report 


001014 


* Calculate streamflow from a minimum of four "good" passes of the cross-section. А “good” pass 
met the following criteria: (i) each pass was within 596 of the mean measured discharge; (ii) at least 
50% of the total calculated discharge in a pass was measured; (iii) the flow angle was minimal; 
(iv) the pitch and roll of the measurement platform was less than 596; and (v) a minimum of ten 
ensembles were measured at the start and end positions of each pass. 


2.2.1.4 Cross-Section Surveys 


Five cross-sections were surveyed on the Outlet Channel during the September and October field visits, 
beginning with a cross-section located 30 m downstream of the Lake Outlet and ending with one located 
110 m downstream of the Outlet. Data generated from these cross-section surveys were used to develop 
a HEC-RAS model for the Outlet Channel. Figure 2 shows the locations of each of the cross-section 
surveys. 


A tape measure was affixed to the top of each bank, running perpendicular to the channel flow. Each cross- 
section survey included level elevation measurements of multiple points within the channel, and a 
measurement of the horizontal distance between the left and right tops of bank. Elevations were measured 
at the approximate top of each bank, select locations between the top of each bank and the water edge, 
the water edge on each bank, and multiple locations within the wetted channel including the thalweg 
(deepest location in the channel). Elevations were measured to the nearest 0.001 m using an Engineer's 
level, tripod, and survey rod, and referenced to the geodetic datum of the benchmark located at the OC-1 
hydrometric station. 
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2.2.1.5 Data Gaps 


Тетрогагу interruptions to the hydrometric network resulted in the following data gaps during the Year One 
program: 


= Several small data gaps of up to several hours occurred as a result of routine field visit activities at 
all stations; 


= А data gap from February 27 to March 20 occurred when the IC-1 station was disconnected during 
construction repairs to the Inlet Channel; however, no flow was present in the channel during this 
time; 


= There was a brief interruption to data collection at OC-1 while the water level sensor was replaced 
during the June 5, 2018 field visit; 


* Тре quality of IC-1 water level data collected from April 24 to 27 has been classified "uncertain". 
High freshet flood volumes and large amounts of channel erosion dislodged the water level sensor 
and swept it downstream, possibly affecting the sensor water depth readings during this period; 


= The water level sensor at IC-1 also became buried by eroded material from April 24 to 27. On April 
27, a data gap of less than 2 hours occurred when the station was disconnected to unbury and 
reposition the sensor and attach an anchor line to the sensor weight to relieve strain on the sensor 
cable; and 


= А data gap at IC-1 occurred from May 30 to June 5, 2018 when the station power supply was 
disconnected during a wildlife encounter. Power was reconnected during the June 5 field visit. 


2.22 Water Quality 


2.2.2.1 Continuous Water Quality 


Temperature loggers were deployed at the water surface and at one-metre intervals through the water 
column at PZ-1. The recording period for the loggers extended from July 24 to October 18, 2018, with 
observations collected at 15-minute intervals. 


Three datasondes (YSI EXO3) were deployed from a buoy positioned at PZ-1, to collect temperature, 
conductivity, dissolved oxygen (DO), and pH at 0.5m (surface), 6m (middle), and 11m (bottom) depths. The 
2018 period of record extended from August 23 to October 19, with observations collected at 15-minute 
intervals. 


2.2.2.2 In Situ and Limnological Water Quality 


A YSI PRO DSS multi-meter was used to collect depth profile measurements of dissolved oxygen (DO) (+ 
0.01 mg/L), temperature (+ 0.01 °С), pH (x 0.01 pH units), and conductivity (+ 0.01 uS/cm) at one-metre 
intervals through the water column at station PZ-1 in July, August, and September. At the Lake surface, 
supplemental measurements of DO were collected using a LaMotte portable Winkler titration kit, and 
temperature, pH, and specific conductivity were collected with a calibrated multi-meter Hanna pen to 
confirm the accuracy of the YSI multi-meter. 
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Secchi дерћ measurements were recorded at each pelagic site in order to estimate the depth of the 
euphotic zone. The maximum depth observable was measured on the descent and ascent of the disc 
though the water column; the two depths were then averaged to provide the Secchi depth for each site. 
The euphotic zone was defined as twice the Secchi depth (Wetzel 2001). 


In situ water quality observations were also used as quality control checks on the continuous and analytical 
water quality sampling results. 


2.2.2.3 Analytical Water Quality 


Seasonal water quality sampling was completed at PZ-1 and the Lake Outlet station on July 24 and 
September 13, 2018 (Figure 1). А Garmin 60 handheld GPS was used to navigate to each station, which 
were accessed using а 10-foot inflatable boat equipped with а 15-horsepower outboard engine. 


Water quality grab samples were collected from just below the water surface at both stations, and a near- 
bottom sample was also collected from one meter above the lake bottom (11 m depth) at PZ-1, using a 
four-litre Van Dorn sampler. The Van Dorn was washed with a metals-free soap (i.e., Alcanox), then triple- 
rinsed with ambient lake water prior to deployment, and bottles were directly filled from the Van Dorn upon 
retrieval. 


QA/QC procedures included the collection of one duplicate sample for each sampling event. A field blank 
was also analyzed for the fall sampling event, and trip blanks were analyzed for the summer and fall 
programs. 


Water samples were collected and preserved in labeled bottles and shipped according to protocols 
specified by the consulting laboratories. All laboratory analyses were conducted by ALS Laboratory Group 
(ALS) in Fort McMurray. 


2.2.3 Sediment Quality 


Discrete sediment samples were collected from the mid-lake station (PZ-1) and the inlet channel (IC-1), 
and a composite sample (LIT-COMP) was collected from the eight littoral zone stations on August 23, 2018 
(Figure 1). A Garmin 60 handheld GPS was used to navigate to each station, which were accessed using 
a 10-foot inflatable boat equipped with a 15-horsepower outboard engine. 


At each station, sediments were collected with a 15cm x 15cm Ekman grab (0.023 m? sampling area). To 
minimize potential for sample contamination, stainless steel pans, spoons, and the dredge were cleaned 
with a metals-free soap (i.e., Alconox), rinsed with hexane and acetone, and then triple-rinsed with ambient 
water prior to each sample collection. A grab sample was successful if the jaws closed completely and the 
entire bottom of the sampler contained a layer of sediment. Successful grabs were transferred to a 
stainless-steel pan until a sufficient volume had been collected for analysis. The number of grabs required 
to obtain sufficient volume was recorded. The sediments were then homogenized in the pan using a 
stainless-steel spoon and transferred into sterilized glass jars for chemical analyses and sealable plastic 
bags for the particle size and total organic carbon (TOC) analyses and sediment toxicity assays. Each 
container was labeled with the site name, collection date and time, and the analysis requested. All sediment 
samples were kept in coolers and maintained at approximately 4°C. Samples were packed with ice for 
shipment. 
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АП chemical and physical analyses were conducted by ALS Environmental (Edmonton, Alberta), while 
toxicity bioassays were completed by Maxxam Analytics (Burnaby, British Columbia). 


2.3 ANALYTICAL APPROACH AND DATA ANALYSIS 
2.3.1 Hydrology 


Continuous and manual measurement data were managed and analyzed using Hatfield's internally- 
operated database (Aquarius Time-Series? Version 3.10.71 software from Aquatic Informatics), to ensure 
data quality, consistency, and completeness. А! data were published on Hatfield's web portal website 
located at www.waterresourcedata.com, with secure access provided to Canadian Natural. 


Data analysis and handling procedures included the processing of raw hydrometric observations, 
development of stage-discharge relationships, and calculation of volumes and a water balance for the Lake. 


2.3.1.1 Water Level Data 


Management and correction of continuous water level data were completed using procedures outlined in 
BC MOE (2009) and WSC (2001). Manual water level measurements recorded during each field visit were 
used to convert sensor-derived depth observations to geodetically-referenced elevations. The continuous 
records were adjusted to correct for any identified sensor drift or sensor movement. In general, corrections 
to water level data were applied where they differed from manually surveyed water levels by greater than 
0.003 m. 


2.3.1.2  Stage-Discharge Relationships 


Manual discharge measurements and concurrent water levels were plotted to develop stage-discharge 
relationships (SDRs) for IC-1, MR-U, and OC-1. At least ten paired stage-and-discharge measurements 
(rating points) distributed across a range of discharges are typically required to create a reliable stage- 
discharge curve (BC MOE 2009). Stage-discharge curves that are developed with fewer rating points, or 
with measurements across a narrow range of flows, should be interpreted with caution due to the increased 
uncertainty of computed discharge values. 


Each continuous discharge time series was calculated by inputting the continuous stage (water level) record 
and the SDR into the following equation: 


X =C» (Y —a)^b 


where X is the calculated discharge (in m?/s), C is a rating curve constant, Y is the manually measured 
stage (m), a is the rating curve offset (or stage at zero flow), and b is the rating curve slope. 


Corrections were applied to the available SDR model to ensure that the calculated discharges remained 
within 596 of the manual discharge measurements. This was accomplished by shifting the SDR to the 
available manual measurements. Shift corrections help to account for streambed scour or deposition 
processes and backwater effects on the SDR. It should be noted that the SDRs derived for the IC-1 and 
OC-1 stations utilize a relatively short period of record and are considered preliminary; these SDRs will be 
revised and refined as additional discharge measurements are collected in support of future monitoring. 
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HEC-RAS Hydraulic Modeling 


А one-dimensional steady flow hydraulic model (HEC-RAS Version 5.0.3, developed by the U.S. Army 
Corps of Engineers) of the outlet channel was used to provide additional rating points to the OC-1 SDR and 
extrapolate for discharge levels that were not observed in 2018 but are expected to occur in the future. 
HEC-RAS model inputs, assumptions, and methods are described below, and qualitative assessments of 
each stage-discharge curve are provided in Sections 3.3 and 3.3.4. Reporting in subsequent years will 
incorporate a comparison of rating points derived from the HEC-RAS model and future rating points from 
manual stage and discharge measurements. The model operates by calculating water level elevations that 
would occur at discrete input discharges. Modeled water level elevations and input discharges were paired 
and used to contribute to the development of the OC-1 SDR because less than 10 sets of manual 
observations were available from this station. The model was developed by entering datum-referenced 
water elevations from the cross-section surveys of the outlet channel into the HEC-RAS cross-section 
editor. Measured cross-sections were arranged (according to downstream distance) in a HEC-RAS 
geometry file. Downstream distances were derived using GPS coordinates from each cross-section survey. 


Inputs and assumptions of the HEC-RAS model are listed in Table 3. Input variables include a roughness 
coefficient (Manning's n-value), cross-section interpolation distances, and downstream boundary 
conditions. The roughness coefficient describes the resistance of the channel to flow (friction), and accounts 
for factors such as channel substrate type, instream vegetation, and embedded debris. Estimates for 
roughness coefficients used in the model were based on field observations and standard reference sources 
(Chow 1959, Barnes 1967). HEC-RAS applies roughness coefficients to both the wetted channel and the 
floodplain. The cross-section interpolation distance was selected based on an iterative process that allowed 
the model to more effectively interpolate hydraulic changes between measured cross-sections. Normal 
depths were selected as the downstream boundary conditions for each cross-section, due to the absence 
of critical flow conditions in the outlet channel. The channel friction slope was based on the overall slope of 
the channel, estimated from the channel bed elevations and the overall horizontal distance between the 
uppermost and lowermost cross-section surveys. Flow rates inputted to the model were based on flows 
that were assumed to naturally occur in the outlet channel, and flow rates that are expected to result in 
bankfull water levels. Several iterations of the model were run with slightly modified roughness coefficients 
for each cross-section, in order to calibrate the model. The model was calibrated such that output water 
levels fit closely with surface water elevations surveyed in the outlet channel. 


Mrs. T's Lake Monitoring Program 12 Hatfield 


2018 Technical Report 


001020 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l’accès à l'information. 


Table 3 HEC-RAS steady flow model input data. 


Model Input Outlet Channel 

Cross-section interpolation distance (m) 3 

In-channel roughness coefficient 0.135 

Floodplain roughness coefficient 0.135 

Boundary condition Normal depth 

Channel friction slope 0.002 

Flow rates modeled (m?/s) 0.001, 0.01, 0.136, 0.3, 0.5, 1.0, 1.5, 2.0 
Lake Inlet Channel 


The 2017 SDR for the inlet channel was adjusted to incorporate changes resulting from inlet repairs in 
March 2018. This included lowering the entire SDR by approximately 0.6 m to account for channel repairs 
conducted by Canadian Natural. Updated as-built drawings provided by Canadian Natural confirmed the 
elevation change to the inlet channel. The resultant 2018 SDR was validated using sets of manual 
measurements collected during the May, August, and September field visits. Manual measurements 
collected in April, June, and October did not plot closely with the SDR, due to erosion of the inlet channel 
in April and backwater effects following filling of the Lake in May. SDR information, including the rating 
equation, is provided in Table 4. The 2018 SDR for IC-1 is also presented in Figure 3 below. 


Table 4 2018 SDR date range, equation, and grades for station IC-1. 


| Estimated 

1 
SDR ID SDR Start Date SDR End Date SDR Equation Discharge Grade? 
IC-1 - 2017 April 1, 2017 March 1, 2018 Q = 0.081 - (HG-277.66)2155 Entire Range 
IC-1 - 2018 March 1, 2018 Open-ended Q = 0.081 - (HG-276.996)° 155 20.33 m?/s 


1 HG (height of gauge) refers to the water level corrected to a datum. 


? Derived discharge data within this range will be assigned an Estimated data grade. 
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Figure 3 Stage discharge curve used to сотриїе continuous discharge data for Mrs. 
T's Lake - Inlet Channel station (IC-1), 2018. 
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Muskeg River 


The 2017 SDR for the upstream Muskeg River station (MR-U) was used to compute continuous discharge 
data in 2018. Manual measurements collected in April and May 2018 fit the curve well and were used to 
validate the SDR. Manual measurements collected during the June, August, September, and October field 
visits plotted above the SDR, which were indicative of the backwater conditions resulting from a beaver 
dam located approximately 200 m downstream of the station (Figure 5). SDR information, including the 
rating equation, are provided in Table 5. The SDR for MR-U is presented in Figure 4 and depicts the six 


sets of manual measurements collected in 2018. 


Table 5 2018 SDR date range, equation, and grades for station MR-U. 


SDR ID SDR Start Date SDR End Date SDR Equation? Estimated Discharge Grade? 
< 0.05 m/s, 


du | 2 1 = А Я 1.785 
MR-U - 2017 April 1, 2017 Open-ended О = 3.646 · (HG-277.06) > 13.7 mys 


1 An “open-ended” end date signifies that the SDR is expected to be valid in future years, and development of the SDR will 
continue with the collection of further stage and discharge measurements. 
? HG (height of gauge) refers to water level corrected to a datum. 


3 Derived discharge data within this range will be assigned an Estimated data grade. 
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Figure 4 Stage discharge сигме used to compute continuous discharge data for Mrs. 
T's Lake – Muskeg River at Lake Inlet Channel station (MR-U), 2018. 
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Figure 5 Beaver dam located 200 m downstream of the Muskeg River at Lake Inlet 

Channel station (MR-U), June 5, 2018. 
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Lake Outlet Channel 


The 2018 SDR for the outlet channel was developed using a single pair of manual stage and discharge 
measurements, in combination with HEC-RAS steady flow model outputs (Table 6). Only one set of manual 
measurement was available because the outlet channel was dry during all site visits except May 10; all 
other rating points were estimated using the calibrated HEC-RAS model of the outlet channel. 


Table 6 Stage-discharge rating points generated from the HEC-RAS model for Mrs. 
T's Lake outlet channel station (OC-1), 2018. 


Input Discharge (m/s) 0.001 0.136* 0.3 0.5 1.0 1.5 
Output Water Level Elevation (m) 277.99 278.41* 278.95 278.81 279.16 279.42 


* These values were observed manual measurements collected during the May 10, 2018 field visit and used to calibrate the HEC- 
RAS model. 


The SDR for OC-1 should be interpreted with caution because of limited manual measurement information 
and the use of the approximated model outputs. SDR information, including the rating equation, is provided 
in Table 7. The 2018 OC-1 SDR is also presented in Figure 6 below. 


Table 7 Date range, equation, and grades for the 2018 stage-discharge curve for Mrs. 
T's Lake outlet channel station (OC-1), 2018. 


SDR ID SDR Start Date SDR End Date SDR Equation? Estimated Discharge Grade? 
OC-1 - 2018 April 1, 2017 Open-ended! О = 0.680 - (HG-277.95)2044 Entire Range 


' An “open-ended” end date signifies that ће SDR is expected to be valid in future years, and development of the SDR will 
continue with the collection of further stage and discharge measurements. 


? HG (height of gauge) refers to water level corrected to a datum. 


* Derived discharge data within this range will be assigned an Estimated data grade. 
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Figure 6 Stage discharge curve used to compute continuous discharge data for Mrs. 
T's Lake Outlet Channel station (OC-1), 2018. 


Legend 
2018 Stage-Discharge Rating Curve 


2018 Manual Measurement 
SDR Rating Development Points 


Estimated Data Quality 


о 02 04 06 08 1.0 1.2 14 
Discharge (nf 3/s) 


2.3.1.3 Lake Volume Calculations 


Daily Lake volumes were calculated using the bathymetry profile described in the MRME Compensation 
Lake Detailed Design Report (Norwest 2013), a Lake area derived from a May 6, 2018 satellite image 
(CNRL 2018), and the daily average water level data measured at station LL-1 in 2018. Canadian Natural 
collected updated bathymetry data in 2018, and this dataset will be used for future Lake volume 
calculations. These volumes are compared to the full operating Lake level (i.e., the 11.869 m elevation of 
the Outlet Channel sill) in Section 3.3.1.5. The full operating level is lower than the FSL and corresponds 
to the minimum Lake level that will allow spilling to the Outlet Channel will occur. The following approach 
was used to calculate 2018 daily and full operating volume for the Lake, which are tabulated in Appendix A2: 


1. Using the Lake's depth-area relationship shown in Table 8, depth/area slopes (rise/run) between 
listed Lake depths were calculated, resulting in four unique linear segments for the 12.2 m Lake 
depth (Table 8). 


2. The depth-area slope values derived in Step 1 were used to calculate surface areas 
corresponding to the full operating level and 2018 daily water levels for the Lake, using a 
rearranged slope equation where: 


A2 = Slope x (02 – D1) 
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3. Incremental volumes were calculated for the Lake depths listed in Table 8, using the following 
equation. 


V2 = М. + (A1 x (D2-D1)) + (A2-A1) x (02-01) / 2) 

Where: 
V: 7 Lake volume at preceding depth listed in Table 8 (m?); 
А: = Lake area at preceding depth listed in Table 8 (m?); 
D: = Preceding Lake depth listed in Table 8 (m); 
№ = Lake volume at succeeding depth (т); 
Аг = Lake area at succeeding depth (пп); 
02 = Succeeding Lake depth from surface (m); 


4. Areas calculated in Step 2 and areas and depths from Table 8 were inputted to the incremental 
volume equation to calculate 2018 daily volumes and the full operating volume of the Lake. 
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Table 8 Approximate depth-area relationship (bathymetry) for Mrs. T's Lake, 2018. 
Lake depth from bottom (m) Lake Area (m?) Segment Slope 
12.46* 427,110 
12.2 414,400 27,900 
11.2 386,500 

125,300 

10.2 261,200 

9.2 233,000 

8.2 211,000 

7.2 190,500 

6.2 171,600 

52 153,000 18,930 
4.2 135,200 

3.2 117,800 

2.2 101,500 

1.2 87,500 

0.2 71,900 

0.0 68,000 Eu 


* Maximum Lake depth was derived from LL-1 daily average water elevation data and the associated Lake area was derived from a 
May 6, 2018 Geoeye-1 image (50-cm resolution) of the Lake. All other lake depths and areas were derived from the detailed 
design of the Lake (Norwest 2013). 


2.3.1.4 Lake Water Balance 


А volumetric water balance was calculated to quantify inputs and outputs from the Lake, to assess 
hydrologic functionality of the Lake. The water balance was calculated on a daily basis using the equation 
described in Hood (2006) where: 


1G—OG=AV/At-P+E-Is+0s 


The water balance components and data sources for this equation are described in Table 9. 


Table 9 MRME Compensation Lake water balance component data sources. 

Component Description Data Source Location Operator 
Groundwater Residual 

ІС-ОС (Groundwater inputs - Calculated (Unmeasured) N/A N/A 
Groundwater outputs) 

АЈА Lake storage change LL1 Water Level Station MRME Canadian Natural 

Р Precipitation C1 Climate Station Jackpine Mine ЈОЅМР (АЕР) 

Е Evaporation Morton Method evaporation data (AESRD, 2013)! Fort McMurray  (AESRD 2013) 

ls Surface water inflows IC-1 Hydrometric Station MRME Canadian Natural 

O; Surface water outflows ОС-1 Hydrometric Station MRME Canadian Natural 


1 Evaporation data were derived by averaging monthly Morton Method values from 1972-2009 for the Environment Canada Fort 
McMurray Climate Station and disaggregating monthly values to daily by dividing by the number of days in each month. 
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The residual component of the water balance represents the water that is not accounted for by the known 
measured and calculated values and is assumed to be dominated by groundwater and subsurface flows. 
А positive residual value indicates the Lake gained water from unmeasured inputs and a negative residual 
value is indicative of water losses to an unmeasured output. 


2.3.1.5 Water Temperature Data 


Management and correction of continuous water temperature data was completed for stations MR-U, MR- 
D, IC-1, OC-1, and LL-1. Processing of water temperature data included identifying data gaps and 
anomalous data values or patterns, and if necessary, removing these data from the record. Daily mean 
water temperature data are provided in Appendix A2. 


2.3.2 Water Quality 


2.3.2.1 Continuous Water Quality 


Data from water temperature loggers were plotted into a depth-integrated time-series graph using 
SigmaPlot 12.5. Continuous time trend graphs of the continuous water quality measurements have been 
presented in graphical format and screened against relevant guidelines, where applicable. 


2.3.2.2 Іп Situ and Limnological Water Quality 


Monthly in situ water quality depth profiles are presented graphically and in tabular format to assess 
temporal and spatial variation within the Lake, and to confirm stratification trends observed in the continuous 
water quality dataset. 


2.3.2.3 Analytical Water Quality 


All water quality samples collected in 2018 were analyzed for conventional variables, major ions, nutrients, 
organic compounds, and total and dissolved metals. A complete list of water quality analytes is provided in 
Table 10. 


A sub-set of the 66 water quality variables that were measured from Mrs. T's Lake during the summer 
(July 24) and fall (September 13) sampling programs was selected for discussion in this report; these 
variables of interest are consistent with measurement endpoints used to assess productivity and 
environmental quality in other Canadian Natural compensation lakes, as well JOSMP assessments of 
regional water quality, and include: 


a pH-anindicator of acidity; 
= Conductivity — basic indicator of overall ion concentration; 


= Total suspended solids (TSS) – a variable strongly associated with several other measured 
water quality variables, including total phosphorus, total aluminum, and numerous other metals; 


= Dissolved phosphorous, total nitrogen, and nitrate+nitrite — indicators of nutrient status. 
Dissolved phosphorus rather than total phosphorus is included because it is the primary 
biologically-available species of phosphorus and because total phosphorus levels are strongly 
associated with TSS; 
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= Major ions (sodium, chloride, sulphate, calcium, magnesium) – indicators of ion balance, which 
could be affected by discharges or seepages from oil sands development or by changes in 
water table and changes in the relative influence of groundwater; 


= Total alkalinity — an indicator of the buffering capacity and acid sensitivity of waters; 


= Total dissolved solids (TDS) and dissolved organic carbon (DOC) - indicators of total ion 
concentrations and dissolved organic matter (particularly humic acids), respectively; 


= Total and dissolved aluminum – as a variable of interest in some oil sands EIAs, by CEMA, 
and in the RAMP 5-year report (Table 3.2-1). Total aluminum, for which water quality guidelines 
exist, has been demonstrated to be strongly associated with TSS (Golder 2003). Dissolved 
aluminum more accurately represents biologically available forms of aluminum that may be 
toxic to aquatic organisms (Butcher 2001); 


* Total boron, total molybdenum, total strontium — three metals found in predominantly-dissolved 
form in waters of the Athabasca oil sands region (RAMP 2005), and may be indicators of 
groundwater influence in surface waters; 


= Total arsenic and total mercury — metals of potential importance to the health of aquatic life 
and human health; and 


= Марһіһепіс acids - relatively-labile hydrocarbons associated with oil sands deposits and 
processing that have been identified as a potential toxicity concern. 


All water quality results were compared against relevant guidelines for the protection of aquatic life, 
including the Environmental Quality Guidelines for Alberta Surface Waters (GoA 2018). A Piper plot 
diagram was also used to illustrate the relative ion concentrations in the Lake and the outlet channel. 


The compiled 2018 water quality data are presented in Section 3.3.2, and the reports from the analytical 
laboratories are provided in Appendix A3. 
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Table 10 Water quality variables measured in Mrs. T's Lake, summer and fall 2018. 


Group 


Water Quality Variable 


Conventional Variables 


Major lons 


Nutrients 


Organics 


Total and 
Dissolved Metals 


! Total mercury (Hg) measured with an ultra-trace detection limit of 0.08 ng/L. 
? Total molybdenum (Mo) measured with a low detection limit of 0.00005 mg/L. 


True Colour 


Dissolved organic carbon 


pH 

Specific conductance 
Total alkalinity 
Bicarbonate 
Calcium 
Carbonate 
Chloride 
Hydroxide 
Nitrate+nitrite 
Ammonia nitrogen 
Total Kjeldahl nitrogen 
Chlorophyll-a 
Total nitrogen 
Naphthenic acids 
Total phenolics 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Cadmium (Cd) 
Calcium (Ca) 
Chlorine (CI) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 

Iron (Fe) 

Lead (Pb) 
Lithium (Li) 


Mrs. T's Lake Monitoring Program 


2018 Technical Report 


Total dissolved solids 
Total hardness 

Total organic carbon 

Total suspended solids 
Biological oxygen demand 
Magnesium 

Potassium 

Sodium 

Sulphate 

Sulphides 

Phosphorus - total 
Phosphorus – dissolved 
Ortho-phosphate 

Nitrate 

Nitrite 

Oil sands acid extractables 
Total recoverable hydrocarbons 
Manganese (Mn) 

Mercury (Hg) 

Mercury (Hg) – ultra trace' 
Molybdenum (Mo) 
Molybdenum (Mo) - low detection? 
Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Strontium (Sr) 

Thallium (TI) 

Thorium (Th) 

Tin (Sn) 

Titanium (Ti) 

Uranium (U) 

Vanadium (V) 

Zinc (Zn) 
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2.3.2.4 Trophic Status 


Trophic status measures the degree of biological production within a lake. Trophic status of Mrs. T’s Lake 
was evaluated using the production-based trophic state index (TSI) presented in Wetzel (2001), where: 


TSI = 14.42 In (Total Phosphorus [mg/m?]) + 4.15 


Total phosphorus concentrations were reported in mg/L concentrations, which were converted to mg/m? by 
multiplying the result by a factor of 1,000. In general, lakes with TSI values <40 are representative of 
oligotrophic conditions, 41-50 suggest mesotrophic conditions, 51-70 indicate eutrophic conditions, and 
values above 70 represent hypereutrophic conditions (Wetzel 2001). 


Phosphorus (P) and nitrogen (N) are known to be the primary nutrients that influence the growth and 
biomass of primary productivity in freshwater ecosystems (Wetzel 2001). The molar ratio of total N to total 
P in water was used to estimate the relative supplies of N and P available to support algal growth in the 
Lake. A molar N:P ratio below 20 is often indicative of N-limitations on algal growth, whereas P-deficient 
conditions are prevalent at molar N:P ratios greater than 50 (Guildford and Hecky 2000). At intermediate 
ratios (20-50), either of the two nutrients can be limiting. 


2.3.3 Sediment Quality 


Lake sediments were collected during the August field program and analyzed for particle size, moisture 
content, carbon content, total metals, organics, and target and alkylated PAHs (Table 11). Sample results 
were compared against CCME interim sediment quality guidelines (ISQG), which represent the 
concentration below which adverse biological effects to aquatic biota rarely occur, and probable effects 
levels (PEL), which represent the concentration that is expected to cause adverse effects to aquatic biota 
(GoA 2018; CCME 2011). The compiled 2018 sediment quality data are presented in Section 3.3.3, and 
the reports from the analytical laboratories are provided in Appendix A4. 


Mrs. T’s Lake Monitoring Program 23 Hatfield 
2018 Technical Report 


001031 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Table 11 Sediment quality variables measured in Mrs. T's Lake, August 2018. 
Group Sediment Quality Variable 
Physical Percent sand Texture Moisture content 
variables percent silt Percent clay 
Carbon Total inorganic carbon Total organic carbon Total carbon by combustion 
content 
Total Aluminum Iron Selenium 
metals Antimony Lead Silver 
Arsenic Lithium Sodium 
Barium Magnesium Strontium 
Beryllium Manganese Thallium 
Bismuth Mercury Tin 
Cadmium Molybdenum Titanium 
Calcium Nickel Uranium 
Chromium Phosphorus Vanadium 
Cobalt Potassium Zinc 
Copper 
Organics BTEX (Benzene, Toluene, Ethylene, 
Xylene) 
CCME 4-fraction total hydrocarbons: - F2 (C10-C16) - F4 (С34-С50) 
. - F1 (C6-C10) - F3 (C16-C34) - Total hydrocarbons 
(C6-C50) 
Target Acenaphthene Benzo(g,h,i)perylene Fluorene 
PAHs Acenaphthylene Biphenyl Indeno(c,d-123)pyrene 
Anthracene Dibenzo(a,h)anthracene Naphthalene 
Benzo(a)anthracene Dibenzothiophene Phenanthrene 
Benzo(a)pyrene Fluoranthene Pyrene 
Benzo (b,j,k) fluoranthene 
Alkylated C1-substituted acenaphthene C3-substituted dibenzothiophene C2-substituted naphthalenes 
PAHs C1-substituted C4-substituted dibenzothiophene C3-substituted naphthalenes 
benzo(a)anthracene/chrysene 
C2-substituted C1-substituted fluoranthene/pyrene C4-substituted naphthalenes 
benzo(a)anthracene/chrysene 
C1-substituted biphenyl C2-substituted fluoranthene/pyrene C1-substituted 
phenanthrene/anthracene 
C2-substituted biphenyl C3-substituted fluoranthene/pyrene C2-substituted 
phenanthrene/anthracene 
C1-substituted benzofluoranthene/ C1-substituted fluorene C3-substituted 
benzo(a)pyrene' phenanthrene/anthracene 
C2-substituted C2-substituted fluorene C4-substituted 
benzofluoranthene/benzo(a)pyrene' phenanthrene/anthracene 
C1-substituted dibenzothiophene C3-substituted fluorene 1-methyl-7-isopropyl- 
phenanthrene (retene)? 
C2-substituted dibenzothiophene C1-substituted naphthalenes 
Sublethal ^ Survival and growth of the amphipod Hyalella azteca 
жазы Survival and growth of Chironomus dilutus midge larvae 


' Concentration not included in calculation for estimation of PAH toxicity in sediments (Neff et al 2004). 


? Any summations of total PAHs did not include retene, as it is also accounted for in total C4-substituted 
phenanthrene/anthracene. 
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2.3.3.1 РАН Toxicity in Sediments 


Estimation of РАН toxicity in Mrs. T's Lake sediments was conducted using the Neff et al. method (2004), 
which incorporates 41 individual PAH compounds into the calculation. The Neff method (described below) 
requires that each individual PAH measurement first be normalized to a measure of total recoverable 
hydrocarbons to produce an estimate of the combined PAH concentration that is available. PAH bioavailability 
(i.e., potential toxicity) in sediments is affected by the concentration of organic matter (USEPA 2003); if 
sediment organic carbon is high, then PAH compounds are more likely to stay partitioned in the sediments 
and are less available to organisms. The characteristics of the sediment organic material also affects the 
partitioning of PAH compounds. Petrogenic PAH, such as the alkylated PAH found in the Athabasca oil sands 
region, have a high affinity for non-aqueous phase liquids (NAPL). This affinity drives the partitioning of PAH 
between the three sediment phases of porewater, sediment organic material, and NAPL, and therefore 
affects the availability of PAH to organisms. Normalizing for this affinity for NAPL is important because other 
methods, such as those described by the US Environmental Protection Agency (USEPA 2003), rely on 
concentrations of total organic carbon to normalize PAH concentrations in the hazard index calculation. 
The Neff method is also preferable because it incorporates more individual PAH compounds into the PAH 
toxicity calculation (41 individual compounds) than the USEPA method (13, 23, or 34 depending on 
variation), thereby providing a more accurate representation of potential PAH toxicity. 


Values for PAH concentrations and total CCME hydrocarbons (used to estimate total recoverable 
hydrocarbons) were obtained through laboratory analysis. 
PAH = PAH concentration 
(normalized) — total recoverable hydrocarbons 


Where: 


= РАН (normalized) refers to the estimate of PAHs available in porewater and complexed to the organic 
fraction of sediment particles; and 


= Total recoverable hydrocarbons are estimated by the equation: 


Total recoverable hydrocarbons = total CCME hydrocarbons * 2.183 


Normalized PAH concentrations are divided by a Kow partition coefficient, thereby removing the portion of 
PAHs complexed to sediments and estimating the concentration available in porewater alone; this provides 
the bioavailable amount of each PAH. The porewater estimate is further divided by a chronic toxicity value 
for water (Mackay et al 1992, Neff and Burns 1996, and Ran et al 2002, as cited in Neff et al 2004) to 
produce a hazard quotient (HQ) for each PAH measured in the sediment sample: 


PAH (normalized) 


) + Chronic Toxicity value 
Kow 


HQ = ( 
The hazard quotients are then summed to produce a hazard index (HI) for total PAHs in sediment porewater. 


2.3.3.2  Sediment Toxicity 


Sublethal (chronic) toxicity testing provides an effects-based assessment of sediment quality by comparing 
the survival and growth of test organisms exposed to lake sediments against the responses of test 
organisms exposed to laboratory-supplied control sediments (Environment Canada 1997, 2013). Toxicity 
bioassays included: 
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= 14-day static tests for survival and growth in sediment using а freshwater amphipod (Hyalella 
azteca) (Environment Canada 2013); and 


= Ten-day static tests for survival and growth in sediment using the larvae of freshwater midges 
(Chironomus dilutes) (Environment Canada 1997). 


A magnitude difference of >20% between any test and control group endpoint was considered ecologically 
significant (CCME 1995). Test results were displayed using the statistical package R (www.r-project.org). 


3.0 RESULTS AND DISCUSSION 
3.1 QUALITY ASSURANCE AND QUALITY CONTROL 


A variety of quality control procedures were applied during the 2018 program, with the objective of providing 
incremental checks and balances throughout data collection, data analysis, and reporting. Detailed 
descriptions of the QA/QC procedures specific to each sampling task are provided in Appendix A1, with 
results summarized below. 


The following dissolved metals: calcium, magnesium, potassium, sodium, iron, and manganese, were 
analyzed using inductively coupled plasma mass spectrometry (ICPMS) in summer and inductively coupled 
plasma-optical emission spectroscopy (ICPOES) in fall. Detection limits between the two methods differ for 
calcium iron and manganese. Despite the variation in methods, none of the analytes were below detection 
limits and the summer and fall results were included in the analysis of results. No analytes exceeded the 
QA/QC guideline of 5 times the method detection limit for water quality field blanks and trip blanks collected 
during summer and fall. For duplicate samples, analytes exceeding the QA/QC guideline of a >20 relative 
percent difference (RPD) at concentrations >5-times the detection limit were limited to total dissolved 
phosphorus in summer and dissolved manganese in fall; there are no water quality guidelines for either of 
these analytes. RPDs >20% were observed for naphthenic acids and phenols in the fall duplicate samples, 
but absolute concentrations were less than 5-times the detection limit. Overall, these results confirm that the 
water quality measurements were of acceptable quality and adequate to address the objectives of this study. 


Total chlorine was non-detectable in all summer and fall samples from Mrs. T's Lake; however, the 
laboratory detection limit (0.1 mg/L) was above the GoA (2018) guideline of 0.0005 mg/L. The quality control 
report from the lab indicated that the actual hold time for total chlorine samples in summer and fall (ranging 
from 19 to 26 hours) exceeded the ALS recommended hold time of 0.25 hours. The laboratory recommends 
a field measurement for accurate characterization of total chlorine concentrations, but this is not considered 
necessary to fulfill the monitoring obligations of the Program. The quality control report from the lab also 
indicated that the recommended 28-day hold time for recoverable hydrocarbons was exceeded by two days 
for the summer sampling event, despite receiving the samples well in advance from Hatfield; all recoverable 
hydrocarbon concentrations were below the 1 mg/L detection limit in 2018, indicating the holding time 
exceedance did not have a substantive effect on the data quality for this analyte. 


One sediment quality split sample was collected from PZ-1 in 2018. Analytes with RPDs greater than 20% 
and concentrations greater than five times the detection limit included titanium and 4-Bromofluorobenzene; 
neither of these variables have sediment quality guidelines. Overall, these results confirm that the 2018 
sediment dataset was of acceptable quality and adequate to address the objectives of this study. 
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Potential sources of contamination were not apparent as field crews adhered to protocols and procedures 
for the collection of water and sediment samples. Results of field blank, trip blank, and duplicate and split 
samples indicated that contamination associated with sample collections was unlikely. Internal QA/QC 
results from ALS Laboratories also did not identify any obvious contamination issues. 


3.2 REGIONAL CONTEXT 
3.2.1 Climate 


Regional climate characteristics provide context for interpreting hydrologic patterns. The climate 
characterization provided below includes a summary of 2018 monthly precipitation, snow depths, and air 
temperatures recorded at the JOSMP – Aurora Climate Station (C1) and compares these results to the 
station's seventeen-year historical record (1988-1989 and 2003-2017). C1 is located approximately 4 km 
southeast of the Lake, and climatic conditions at this location are considered to provide a close 
approximation to those at the Lake. 


A summary of 2018 WY and historical precipitation and snow depth data is provided in Table 12. Total 
precipitation for the 2018 WY was 418.2 mm, which was 15% higher than the seventeen-year historical 
average recorded at C1. Early winter precipitation (snowfall) was above the historical mean for the first two 
months, then dropped below the average for the remainder of the winter. Month-end snow depths were 
above the historical averages for all months, with the snowpack persisting into April. Lower than normal 
rainfall was recorded in the early spring, followed by a higher than average June and July, and then falling 
below average for the remainder of the WY. Maximum daily precipitation was lower than the historical 
maximums for every month of the 2018 WY, except for November, when high 24-hour snowfalls occurred 
(Table 12). 


Table 12 2018 and historical monthly precipitation and month-end snow depths 
measured at the C1 Climate Station. 


Monthly Total Precipitation Maximum Daily Precipitation Month-end Snow Depth 

Month (mm) (mm) (cm) 

2018 WY Historical Mean 2018 WY Historical 2018 WY Historical 
November 62.5 11.9 32.8 8.8 71.6 14.1 
December 28.0 14.7 11.7 17.6 47.1 24.6 
January 11.2 12.3 4.1 16.6 532 35.2 
February 2.3 12.0 1.3 12.7 51.1 42.7 
March 10.0 17.1 3.2 21.6 49.1 30.9 
April 4.5 15.5 2:7 24.5 - - 
Мау 9.0 32.0 3.5 28.6 - - 
June 95.5 56.2 27.6 41.9 - - 
July 119.6 73.9 38.2 56.8 - - 
August 39.6 52.0 12.8 29.9 - - 
September 31.8 44.8 16.0 35.9 - - 
October 4.2 22.2 2.4 19.4 - - 
Annual Total 418.2 364.6 - - - - 
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Maximum monthly air temperatures in all months except November were the warmest on record, and 
minimum monthly air temperatures in all months except May were the coldest on record, relative to the 
seventeen-year climate record for C1 (Table 13). The low minimum and mean air temperatures in April 
likely contributed to the late April snowpack melt, with a mean monthly 3.4°C cooler than the historical 
average for that month. Temperatures increased significantly in May, with a mean temperature 4°C warmer 
than the historical average. Mean temperatures for summer months (June to August) were generally similar 
to historical monthly means, while fall months (September-October) were cooler than average. The higher 
maximum air temperatures may have allowed for higher than normal evaporation from surface waters 
during the open-water portion of the 2018 WY. 


Table 13 2018 and historical mean, maximum, and minimum monthly air temperatures 
measured at the C1 Climate Station. 


Mean Monthly Air Maximum Monthly Air Minimum Monthly Air 

Month Temperature (°С) Temperature (°С) Temperature (^C) 
2018 WY Historical 2018 WY Historical 2018 WY Historical 

November -12.1 -7.3 -5.0 -0.4 -18.5 -14.9 
December -14.9 -15.2 -0.6 -6.4 -35.1 -23.4 
January -17.4 -17.2 -3.3 -9.8 -31.9 -27.0 
February -16.8 -12.8 -1.8 -2.0 -31.5 -19.5 
March -7.8 -7.4 28 -0.7 -21.2 -15.3 
Арг! -0.2 3.2 12.7 10.7 -16.4 -3.2 
Мау 14.4 10.6 24.3 13.8 7.1 6.6 
June 16.1 15.9 28.0 18.6 6.8 12.6 
July 17.9 18.1 22.7 21.6 12.1 15.0 
August 15.7 15.9 22.5 17.8 7.3 13.0 
September 41 10.3 10.4 14.1 -0.6 7.8 
October 0.4 2.5 8.0 5.8 -6.4 -2.3 
Annual 0.0 1.4 28.0 21.6 -35.1 -27.0 


3.2.2 Hydrology 


Daily discharge data from Water Survey of Canada hydrometric station 07DA008 – Muskeg River near Fort 
MacKay (ЕССС 2018) were used to characterize the 2018 WY and the historical hydrology of the watershed 
that surrounds the Lake. 07DA008 is an active station measuring water level and discharge on the Muskeg 
River, has a relatively long data record (45 years, 1974-present), and is located approximately 10 km 
downstream of the Lake (see Figure 1). 2018 WY daily discharge data were only available from November 
1, 2017 to September 23, 2018. 


The 2018 WY was characterized by relatively low flows (see Figure 7), with discharges remaining below 
the historical daily averages in all months except April and July; a high snowpack persisted into late-April 
(Table 12), which contributed to an initial spring freshet flood that exceeded the historical upper quartile, 
and two rainfall events in July temporarily increased streamflows above the historical daily averages. 
Fluctuating flows during the 2018 WY may be attributed to higher than average precipitation and snow 
accumulations, paired with higher than normal air temperatures (Table 9). The 2018 WY maximum 
discharge at the WSC station on Muskeg River occurred in late July and measured 10.6 m?/s, while 
minimums of 0.07 m?/s were observed in early February. 
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Figure7 WSC 07DA008 Muskeg River near Fort MacKay 2018 and historical mean 
daily discharge and historical discharge statistics. 
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Note: historical data series were calculated using data from 1974 to 2017. 


3.3 MRS. Т'5 LAKE 
3.3.1 Hydrology 


3.3.1.1 Muskeg River Water Levels and Discharge 


The hydrometric monitoring network for the Lake includes two stations on the Muskeg River: station MR-U, 
located directly upstream of the Lake inlet channel; and station MR-D, located directly upstream of the Lake 
outlet channel. The purpose of the MR-U station is to assess the availability of flow for diversion to the inlet 
channel and to measure Muskeg River flow reductions between the Lake inlet and outlet. The MR-D station 
is intended to measure any backwater effects on the outlet channel. The recorded water levels and 
discharges for these stations are presented and discussed below. 
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Water level patterns at MR-U and MR-D correlated well in 2018 (Figure 8), which suggest that discharge 
patterns (magnitude and timing) were also highly correlated between these two locations. The water level 
patterns did exhibit some slight differences, as illustrated by the small peaks observed at both stations in 
April and September (Figure 8); these variations were the result of backwatering caused by large amounts 
of in-channel vegetation (Figure 9), and a large beaver dam located approximately 200 m downstream of 
the MR-U station (Figure 5). The presence of the beaver dam downstream of MR-U caused a different 
backwater effect to occur relative to MR-D, resulting in slightly different water level response patterns. Daily 
water level data for MR-U and MR-D are provided in Appendix A2. 


Figure 8 Daily water levels recorded at the upstream (MR-U) and downstream (MR-D) 
Muskeg River hydrology stations through the 2018 Water-Year. 
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Figure 9 In-channel vegetation near the downstream (MR-D) and upstream (MR-U) 
Muskeg River hydrology stations, 2018. 
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Continuous discharge data were derived for the period extending from November 1, 2017 to October 31, 
2018 (i.e., the 2018 WY). Six manual discharge measurements were collected at MR-U in 2018 (April, May, 
June, August, September, and October). The 2018 daily discharge data for MR-U (Figure 10, Appendix A1) 
shows very similar timing patterns to WSC station 07DA008. The falling limb of spring freshet was recorded 
in mid-May, followed by two larger rainfall-induced floods in July. Low flows began in early August and 
continued until the end of the water year, with small hydrologic responses to rainfall events observed in 
September and October. A maximum daily discharge of 6.82 m°/s occurred at MR-U on May 9, 2018, while 
a minimum daily discharge of 0.1 m?/s occurred on November 19, 2017. The strong relationship between 
discharge patterns at MR-U and 070А008 suggests that 2018 was also a drier than normal year at MR-U, 
and that MR-U discharges likely were below average for each month of the open-water season. Bankfull 
flow at MR-U was not observed in 2018, which is estimated to occur at approximately 10 m?/s (Hatfield 
2017). 
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Figure 10 Muskeg River daily discharge at the upper Muskeg River (MR-U) and 
Environment Canada (07DA008) stations and C1 daily precipitation, 2018 WY. 
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3.3.1.2 Inlet Channel 


Continuous water level data from the Lake Inlet Channel station (IC-1) were inputted to the SDR to produce 
a continuous discharge record for the 2018 WY. Seven pairs of manual water level and discharge 
measurements were collected from IC-1 in 2018. No flow was recorded in the inlet channel for most of the 
winter months, with minor under-ice flow first observed on March 18, 2018. Water levels in the Muskeg 
River began to increase the first week of April, and ice cover withdrew and open channel flows in the inlet 
channel began on approximately April 14, 2018 (see Figure 11). A maximum instantaneous discharge of 
1.87 m?/s occurred on May 4, 2018. This is in contrast to the timing of peak discharge observed at the MR- 
U station (May 9, 2018), which indicates that backwater effects from the Lake may have decreased flow 
rates in the inlet channel. Inlet channel flows began receding in mid-May and remaining at or below 
0.05 m?/s through the remainder of the 2018 WY, with the exception of two rain-induced increases in July. 
A rainfall event in September also resulted in a small flood response in the inlet channel. 
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Figure 11 Daily discharge recorded at the upper Muskeg River (MR-U) and Inlet 
Channel (IC-1) stations during the 2018 WY. 
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Discharges measured in the inlet channel during the April 27, 2018 field visit suggest that a portion of the 
surface water diverted from Muskeg River may be flowing through or beneath the substrate in the upper 
section of the inlet channel. Discharges were measured at the IC-1 hydrometric station (downstream), the 
Inlet Invert (upstream), and mid-way between IC-1 and the Inlet Invert over a 75-minute period (Table 14). 
Muskeg River (MR-U) discharges were stable during this time (i.e., varied by only 0.002 m?/s) suggesting 
water volumes available for diversion also remained stable; however, the inlet channel measurements 
indicate discharge varied by 0.424 m?/s, and that flow in the channel increased as it traveled towards the 
Lake. This suggests that water from the Muskeg River may move through or beneath the inlet channel 
substrate as unmeasured flow contributions when the river water level elevation is greater than that of the 
Lake, with flows surfacing within the channel downstream of IC-1 and/or directly in the Lake. 
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Table 14 Discharge measurements taken at three locations along the inlet channel to 
Mrs. T's Lake, April 27, 2018. 


Measurement location Time of measurement Discharge (m/s) 
Inlet Invert (upstream) 12:45 0.571 
Mid-channel 12:15 0.779 
IC-1 (downstream) 11:30 0.995 


A remote camera positioned at IC-1 collects photos of the inlet channel at noon each day. Figure 12 shows 
inlet channel conditions before open-water flow began, at the beginning of open-water flow, during the 
freshet flood, and during the summer low flow period of the 2018 WY. Daily discharge data for the inlet 
channel are provided in Appendix A1, and daily diversion volumes are provided in Appendix A3. 


Figure 12 Inlet channel flow conditions during the 2018 Water Year. 


April 4, 2018 April 16, 2018 
Mean discharge: Mean discharge: 
0.005 m?/s 0.235 m°/s 


Note: Although Арп! 16 mean discharge was higher than that of August 15, the August 15 water level appears higher as viewed 
above. This is due to the onset of backwater conditions in the inlet channel, following filling of the Lake in May. 


Continuous flows in the inlet channel that were present from March to the end of the 2018 WY can be 
attributed to the March 2018 excavation repairs to the channel, which were undertaken to more effectively 
facilitate Lake filling than occurred in previous years. The Inlet Invert was excavated from its previous 
elevation of approximately 278.4 m to approximately 277.45 m (Four Directions Resources 2018). 2018 
flows in the inlet channel were first observed on March 20, which continued until the Lake reached FSL on 
May 4, 2018. Flow volumes from Muskeg River to the Lake (via the inlet channel) totaled 2,916,346 m? over 
the 2018 WY. In comparison, the estimated diversion volume reported for the 2017 WY was 17,563 m? 
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(Hatfield 2018). Upon reaching FSL, the diversion license issued to Canadian Natural for Lake filling (ТО # 
00410160) was considered to be closed. Inlet channel flow volumes occurring after May 4, 2018 were not 
subject to the conditions of the TDL; reportable diversions (i.e., diversion volumes that occurred before May 
5, 2018) totaled 1,609,805 m?. The maximum diversion rate that occurred during the reportable period was 
1.87 m?/s, occurring on May 4, 2018. Diversion volumes and rates during the licensed period fell within the 
conditions of the TDL (i.e., allowance to divert up to 1,790,259 m? at a maximum rate of 2.36 m?/s). 


3.3.1.3 Lake Effects on Muskeg River 


An estimated 2,916,346 m? was diverted from Muskeg River to the Lake via the inlet channel in 2018, with 
1,121,040 m? occurring under TDL # 00394627 (from May 1, 2017 to April 30, 2018) and 488,765 m? 
occurring under TDL # 00410160 (May 1 to 4, 2018). Diversions occurred when Muskeg River discharge 
at MR-U exceeded approximately 0.18 m?/s, occurring over a total of 226 complete or partial days (where 
diversions did not occur for the entire 24-hours) in 2018. 


The NNLP states that diversions from Muskeg River to the Lake should not exceed 1596 of the Muskeg River 
discharge; however, diversions exceeded the 15% threshold on 24 days during the 2018 WY (consecutively 
from April 13 to May 6), with the highest proportional diversion of 4296 occurring on April 18, 2018 (Figure 13). 
As of May 4, 2018 (date of Lake filling and closure of the 2018 TDL), total Muskeg River water diversions had 
not exceeded the TDL allowances for total volume (1,790,259 m?) or the maximum rate of diversion (i.e. a 
maximum instantaneous discharge of 2.36 m?/s). Inlet channel diversions may have had a temporary 
ecological effect on the Muskeg River from April 13 to 20, 2018, when mean daily flows (as observed at MR- 
U) were already below the historical daily low flow (О) guideline values defined in Alberta Environment 
(2008); Muskeg River flows during this period were as low as 0.42 m?/s (April 13, 2018). Discussions between 
Canadian Natural and AER in November 2017 identified a diversion threshold to minimize impacts to the 
Muskeg River, where no diversions to the inlet channel were to occur at Muskeg River water level elevation 
of 277.4 таз! (which equates to river flows below 0.51 m?/s). However, issues with the stability of the Inlet 
Invert resulted in diversions occurring from March 20 to April 14, 2018, when Muskeg River flows were below 
0.51 m?/s. It should be noted that daily diversions at this time only accounted for approximately 396 of Muskeg 
River flows. From April 15 onwards, Muskeg River flows were above the 0.51 m?/s diversion threshold. 
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Figure 13 Inlet channel daily discharge and Muskeg River daily diversion threshold, 
2018 Water Year. 
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3.3.1.4 Lake Levels 


Water levels in the Lake were continuously monitored for the duration of the 2018 WY. The complete set 
of daily Lake level data is presented in Appendix A2. The Lake reached its FSL of 12.2 m (corresponding 
water surface elevation of 278.2 m) on May 4, 2018. Following filling (May 5 to Oct. 31, 2018), the mean 
Lake level was 277.79 m. The Lake was also above full operating level (i.e., the level of the Outlet sill; 
surface water elevation of 277.89 m) for 51 days during the 2018 WY. Lake level increased in response to 
inlet channel contributions that were diverted from the Muskeg River following freshet-driven flow increases 
in late April (Figure 14). Following freshet in April and May, Lake levels remained relatively stable for the 
remainder of the 2018 WY, with levels slightly below the FSL. The minimum Lake water level in 2018 was 
observed on April 1 (272.06 m), prior to freshet floods and Lake filling, while the maximum occurred on May 
8 (278.50 m), near the peak of freshet floods and shortly after Lake filling was considered complete; this 
represented an annual Lake depth range of 6.439 m. The Lake level at the end of the 2018 WY measured 
277.61, representing a 5.55 m increase from the start of the 2018 open-water season. Changes to Lake 
volumes and an assessment of the Lake’s water balance are discussed in Sections 3.3.1.5 and 3.3.1.6, 
respectively. 
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Figure 14 Daily water levels recorded at Mrs. T's Lake (station LL-1) over the 2018 WY. 
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3.3.1.5 Lake Volume 


Volumes were calculated for the Lake at FSL (12.2 m depth), the full operating level that will initiate spilling to 
the outlet (11.9 m depth), and for each day during the 2018 WY. The Lake depth and volume may actually 
differ at FSL, due to differences between the Lake design bathymetry, and the current bathymetry of the Lake. 
Updated bathymetry data will be used to verify Lake volumes and depths in future years. Daily Lake volumes 
are presented in Appendix A2. The Lake volume at FSL was estimated to be 2,306,020 mê, while the volume 
at full operating level was estimated at 2,254,807 m?. The estimated Lake volume at the conclusion of 2018 
monitoring (October 31, 2018) was 2,064,838 m?, representing an increase of 1,507,412 m? over the course 
the 2018 WY. The Lake reached FSL on approximately May 4, 2018, a maximum volume of 2,512,557 m? 
(106% full, relative to FSL) on May 8, 2018, and had a year-end volume of 2,064,838 m? (i.e., 90% full, relative 
to FSL). 
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3.3.1.6 Lake Water Balance 


A daily volumetric water balance was calculated for the Lake using the data sources and methods described 
in Section 2.3.1.4; the monthly component totals for the water balance are presented in Table 15. These 
results demonstrate that the 2018 water balance was dominated primarily by surface water inputs (stream 
inflow from the inlet channel), and secondarily by unmeasured outflows (negative residual, assumed to be 
groundwater and subsurface flows), which respectively contributed 192% and -76% to the overall Lake 
storage change. The inlet channel inputs largely influenced the positive change in the Lake storage volume 
total for the 2018 WY, with precipitation inputs and evaporation outputs accounting for small proportions of 
the volumetric storage changes (i.e., 8.4% and -15%, respectively). Surface water outputs (outlet channel 
flows) accounted for a small proportion of volumetric losses from the Lake during the 2018 WY (-9.4% 
relative to the Lake storage volume). 


Table 15 Monthly water balance component totals for Mrs. T's Lake, 2018 Water Year. 


Lake Storage Groundwater Precipitation Evaporation Inflow from Outflow to 
Month Change Residual at C1 Morton the inlet the outlet 

(m*/month) (m?/month) (m?/month) (m?/month) (m?*/month) — (m?/month) 
November 10,735 10,735 0 0 0 0 
December -1,385 -1,385 0 0 0 0 
January 12,656 12,656 0 0 0 0 
February 5,569 5,569 0 0 0 0 
March 116,862 113,087 0 1,495 5,270 0 
April 1,078,605 -24,655 1,841 14,351 1,115,770 0 
May 350,721 -648,394 3,848 43,693 1,162,166 123,206 
June 42,279 -88,955 40,776 52,535 142,992 0 
July 71,207 -213,710 51,087 55,610 308,794 19,354 
August -209,007 -255,982 16,914 41,045 71,107 0 
September 70,753 -4,273 13,497 16,145 77,674 0 
October -32,727 -62,524 0 2,776 32,573 0 
2018 WY total 1,516,265 -1,157,833 127,962 227,650 2,916,346 142,560 


The negative residual volumes of groundwater flows described in Table 15 suggest that despite the Lake 
filling and maintaining a positive storage change (i.e., the volume of the Lake increased overall during the 
2018 WY), a portion of the Lake water balance is being lost either as recharge to an unconfined shallow 
groundwater aquifer (aquifer described in Norwest 2013) or to subsurface flows. Groundwater flow in the 
vicinity of the Lake was not directly monitored during the 2018 open-water season; however, field crews 
observed seepage water daylighting from rills on the southern Lake shore during periods of zero rainfall in 
2017 (Figure 15), suggesting that shallow groundwater movement above the elevation of the lean oil sands 
(LOS) liner of the Lake is possible. Additionally, evidence of flow beneath the inlet channel (Table 14) and 
observations of flow occurring within the inlet and outlet channel substrates in past years suggest that 
unmeasured volumes may be flowing beneath the outlet channel to Muskeg River. Lake levels were above 
the outlet sill elevation for 51 days during the 2018 WY while outlet flows were only measured over 37 days, 
providing further evidence that flow may be travelling through or below the outlet channel substrate. The 
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total unmeasured residual volume is not necessarily limited to groundwater and subsurface flows. It is 
possible that differences between the actual Lake volume and the design volume will account for a portion 
of the unmeasured volume of the water balance; as stated in Sections 2.3.1.3 and 3.3.1.5, updated 
bathymetry data will be used to verify Lake volumes in future years. Similarly, the inlet channel flows likely 
reversed at times when the Lake or inlet channel level was higher than the Muskeg River (at MR-U) water 
level, which would also account for a portion of the unmeasured Lake output volume. Inlet channel flow 
was observed to be stagnant or reversed on July 22, August 20-22, and October 4, 2018 (D. Chudobiak 
personal communication). 


The data collected in support of the 2018 monitoring program confirm the Lake volume increased over the 
2018 WY. These positive changes in Lake volume storage were predominantly influenced by surface water 
inputs from the inlet channel, which appear to have outweighed the unmeasured residual flow losses. It is 
unclear whether the Lake is holding water as designed, as the pathways of this negative residual volume 
are currently unknown. Further investigation in future years will be required to ascertain whether additional 
sources of water output are substantially contributing to the water balance of the Lake. 


Figure 15  Rill erosion from ponding water and suspected shallow groundwater 
seepage on the south shore of the Lake, April 12, 2017. 


3.3.1.7 Outlet Channel 


Monitoring of continuous water levels and discharges were completed in the outlet channel (OC-1 
hydrometric station) during the 2018 WY. The Lake began spilling to the outlet channel on May 3, after 
reaching the outlet sill elevation on approximately May 3; 2018 represents the first year on record that the 
outlet channel conveyed surface flow from the Lake to Muskeg River. The outlet channel contained flow for 
a total of 37 days during the 2018 WY, including May 3 to 23, July 2 to 14, and July 26 to 30. A maximum 
instantaneous discharge of 0.142 m?/s occurred on May 11, 2018. Daily discharge data for the OC-1 
hydrometric station demonstrates the relationship between Lake levels and outlet channel flow responses 
(Figure 16). Water level data indicate the Lake was above the outlet sill elevation for 51 days in 2018, 
suggesting that the channel should have conveyed surface flow on 51 days; however, water level data 
collected at the OC-1 station registered flow on only 37 of these days. All fourteen days with Lake levels 
above the outlet sill but with no flow recorded at OC-1 occurred on the days leading up to and following the 
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outlet channel flow periods listed above. This suggests that when Lake levels are just above the outlet sill, 
some water may infiltrate the cobble and gravel substrate of the outlet channel and travel towards Muskeg 
River in the form of subsurface flow. 


Figure 16 Daily outlet channel discharge and Lake levels, 2018 Water Year. 
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The lower Muskeg River station (MR-D) was installed to assess whether Muskeg River flows have апу 
backwatering effect on the outlet channel. Backwater effects may cause the outlet channel to reverse flow 
towards the Lake, complicating inflow and outflow volume calculations. Conditions that would cause 
backwatering to occur were not observed in 2018, as the outlet channel water levels (at OC-1) always 
exceeded those of the Muskeg River (at MR-D) during the 2018 WY. These results confirm that the Мизкед 
River had no backwater effect on the outlet channel in 2018. 


3.3.2 Water Quality 


Analytical water quality samples and supporting in situ measurements were collected from the middle of the 
Lake (PZ-1) and near the Lake outlet in July and September 2018. Limnological depth profiles were collected 
in July, August, and September and near-continuous water quality data were measured with three datasondes 
and a thermostring deployed at the PZ-1 sampling station. Water quality samples were analyzed for the full 
suite of analytes listed in Table 10. Sampling results are discussed in the following sections. 
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3.3.2.1  Limnological Water Quality 


Water temperature thermistors deployed at one-metre depth intervals through the water column were 
operational at the mid-lake station (PZ-1) from late July to mid-October 2018 (Figure 17). The Lake 
thermally stratified prior to the July deployment of temperature loggers, with a prominent thermocline 
already formed at 4 m below the surface (Figure 17). Thermal stratification started to degrade in late August, 
with complete turnover occurring in mid-September. 


Figure 17 Daily average water temperature in the Mrs. T's Lake, collected at one-metre 
intervals from the lake surface to bottom, July 24 to October 18, 2018. 
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Discrete temperature and DO profiles collected from the mid-lake station (PZ-1) are presented in Figure 18. 
The temperature profiles showed good agreement with thermistor measurements, with a 4 m depth 
thermocline present in July and persisting into August. Relatively homogenous temperatures were 
observed from the water surface to a depth of 9 meters on September 13, suggesting lake turnover had 
occurred. DO levels in the Lake showed a strong correlation to temperature in 2018, with DO concentrations 
stable at approximately 9 mg/L above the thermocline and dropping to levels of less than 1 mg/L below it 
(Figure 18). 
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Dissolved oxygen levels of 5.5 mg/L are considered by the Canadian Council of Ministers of the 
Environment (ССМЕ) to be the lowest acceptable concentration to support all life-stages of all species of 
fish (CCME 1999, GoA 2018), although many species in northeastern Alberta are known to tolerate 
concentrations as low as 1 mg/L (Hatfield 2013b). According to published habitat suitability models (Inskip 
1982; Casselman and Lewis 1996), northern pike (Esox lucius) are capable of surviving several days at DO 
levels as low as 0.1 mg/L, for prolonged periods at DO levels as low as 1 mg/L during winter months, and 
in concentrations as low as 2 mg/L in summer months (at maximum water temperatures of 28°С); these 
tolerances are also suggested to be inversely related to size (Inskip 1982). Similarly, the published habitat 
suitability model for white sucker (Catostomus commersonii) (Twomey 1984) indicates adult and juvenile 
white sucker have a high tolerance to hypoxic conditions, with sub-lethal effects on fry only observed at DO 
levels below 2.5 mg/L (Siefert and Spoor 1974). Juvenile white sucker have been observed to tolerate 
dissolved oxygen concentrations down to 0.98 mg/L at 26 °С (Smale and Rabeni 1995), indicating this 
species is also capable of surviving periods of low DO, particularly during the colder winter months. The 
regional habitat suitability models for the oil sands region (Golder 2008) consider late winter DO above 1 
mg/L to provide excellent conditions for pearl dace and above average conditions for lake chub. 


DO concentrations below the CCME guideline of 5.5 mg/L were observed at the pelagic station at depths 
greater than 4 m in July and August, and greater than 9 m in September (Figure 18), and all but one of 
these observations were also below the 2.0 mg/L summer minimum DO guideline referenced in Inskip 
(1982); however, it should be noted that the corresponding water temperatures at these depths were well 
below the 28*C water temperature associated with the Inskip guideline. Fish are not expected to be 
adversely affected by periodic and localized anoxia, as this area in the Lake will simply be avoided until re- 
oxygenation occurs during spring or fall turnover. 


pH profiles showed a moderate correlation to water temperature in 2018, with higher (more alkaline) values 
observed above the thermocline in July and August (Figure 18). The September pH profile was collected 
after lake turnover, as evidenced by the relatively homogenous pH that extended to a depth of 9 m. All pH 
values remained alkaline in 2018 (pH>7.0), and there were no observed exceedances of the CCME 
guidelines for the protection of aquatic life (6.5 to 9.0; CCME 2011). 


Specific conductance remained stable with depth until reaching the thermocline, then generally 
demonstrated an increasing trend until reaching the lake bottom (Figure 18). This correlation with water 
temperature was present in all three of the 2018 open-water profiles, although the increase in specific 
conductivity appeared to occur just above the temperature inflection depth in September. 
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Figure 18 Seasonal depth profiles of temperature, pH, dissolved oxygen, and specific 
conductance in Mrs. T's Lake, 2018. 
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3.3.2.2 Continuous Water Quality 


Near-continuous measurements of water temperature, DO, pH, and specific conductance were collected 
from data sondes deployed at near-surface, 6 m, and 12 m depths at the mid-lake station (PZ-1). Summary 
statistics are presented in Table 16 and Figure 19, and the raw dataset is provided in Appendix A3. 


From August to October 2018, water temperature patterns at the near-surface station correlated with 
ambient air temperatures, decreasing from early August to October. Water temperature at the 6 m and 
near-bottom locations were lower than surface water temperatures until late August and early September 
respectively, as seasonal mixing occurred through the water column. pH at the surface remained relatively 
stable from August to October. Following the same pattern as temperature, pH levels at the 6 m and near 
bottom locations were lower than surface values until late August and early September respectively, when 
turnover resulted in homogenous pH through the water column. DO concentrations at the surface increased 
gradually from August to October, while DO at the 6 m and near bottom locations remained below 1.0 mg/L 
until fall turnover occurred. Specific conductance remained relatively stable from August to October for all 
three depth locations, with the exception of a decrease that occurred between from mid to late September 
at the near-bottom location in conjunction with fall turnover. All in situ parameters remained within the 
guidelines for the protection of freshwater aquatic life (GoA 2018), with the exception of DO at the 6 m and 
12 m locations during summer months. Continuous water quality data correlated well with limnological depth 
profile data, although specific conductance measurements taken with the handheld meter were generally 
higher than those reported by the datasonde (Figure 19). 
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Table 16 Summary statistics for near-continuous measurements of water quality at 
PZ-1 August to October 2018. 


Min Mean Max Peace 
Surface 
Temperature (°C) 2:7 8.8 17.6 5,376 
Specific Conductivity (uS/cm) 340 345 351 5,374 
pH 8.06 8.22 8.40 5,365 
ODO (%) 77.9 85.4 93.3 5,376 
Conductivity (uS/cm) 200 238 295 5,374 
DO (mg/L) 8.01 9.99 12.2 5,376 
Middle (6 m) 
Temperature (°C) 3.0 7.8 13.5 5,378 
Specific Conductivity (uS/cm) 320 335 343 5,378 
pH 7.29 8.02 8.33 5,326 
ODO (%) -2.4 68.9 93.0 5,378 
Conductivity (uS/cm) 199 225 261 5,375 
DO (mg/L) -0.27 8.36 12.3 5,378 
Bottom (11 m) 
Temperature (°C) 3.1 5.0 7.7 5,377 
Specific Conductivity (uS/cm) 331 346 365 5,374 
pH 7.44 7.88 8.34 5,365 
ODO (%) -2.5 37.1 92.7 5,346 
Conductivity (uS/cm) 195 214 223 5,375 
DO (mg/L) -0.32 4.73 12.3 5,375 
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3.3.2.3 Analytical Water Chemistry 


The analytical water chemistry component of the Program measures a wide range of conventional 
variables, nutrients, major ions, and metals that are important indicators of an aquatic system's ability to 
support biological colonization. Key water quality endpoints measured mid-lake and at the outlet of Mrs. T's 
Lake are summarized in Table 17. Surface and near-bottom samples were collected at the mid-lake station 
(PZ-1) in the summer and fall of 2018 while surface samples were collected from near the outlet during 
both sampling events. The lab reports for the 2018 sampling programs are provided in Appendix A3. 


The pH of water affects transformation processes among various forms of nutrients (e.g., nitrogen, 
phosphorus) and metals, which influences toxicity in the water column and the bioavailability of dissolved 
forms of nutrients. Direct effects of pH on organisms become more severe as pH shifts away from the 
natural range (6.5 to 9.0). In 2018, all laboratory-derived pH values measured in both basins were within 
the GoA (2018) guideline range (Table 17), with good agreement observed between lab and in situ 
measurements. 


Total suspended solids (TSS) consist of materials such as clay, sand, silt, organic and inorganic matter, 
and plankton and other microorganisms. Concentrations of TSS in the Lake were above the analytical 
detection limit (3 mg/L) in all but one surface sample in 2018 (Table 17). The CCME guideline for TSS 
(CCME 2011) is dependent on baseline concentrations; for clear flow systems like the Lake, TSS levels 
should not increase by more than 10 mg/L above background levels for any short-term exposure (i.e., 24- 
hour period). TSS concentrations in the Lake ranged from «3.0 mg/L (buoy bottom – fall) to 8.7 mg/L (lake 
outlet — fall) in 2018 (Table 17). 


Total dissolved solids (TDS) is a measure of the concentration of dissolved matter in water, primarily 
carbonates, bicarbonates, chlorides, sulphates, phosphates, nitrates, and major cations (Ca, Mg, Na, K). 
TDS concentrations are of interest because dissolved species affect metal concentrations by forming salts, 
thereby removing potentially toxic dissolved metals from solution. TDS levels measured in the Lake in 2018 
were moderate, ranging from 172 mg/L to 244 mg/L. 


Total ammonia concentrations in the near-bottom samples from the Lake were higher than the near-surface 
samples for both sampling events (Table 17); ammonification of organic matter and nitrite, particularly under 
suboxic conditions, is a commonly observed process that results in elevated ammonia concentrations in 
the deep waters of lakes. Low dissolved oxygen concentrations at the PZ-1 near-bottom location indicate 
the suboxic conditions required for ammonification are present in Mrs. T's Lake (Figure 19). 


Alberta Environment (AENV 2008) established Muskeg River watershed-specific guidelines for acute (0.20 
mg/L) and chronic (0.055 mg/L) exposure to boron, which is less than five percent the level recommended 
in CCME guidelines for the protection of aquatic life (1.2 mg/L; CCME 2011). А! 2018 summer and fall 
samples from the Lake exceeded the Muskeg River water quality guidelines (Table 17), although none were 
above the CCME guideline. Water quality data suggest that boron concentrations in Mrs. T's Lake are being 
influenced by the Muskeg River basin, where historical concentrations have regularly exceeded the Muskeg 
River chronic exposure guidelines (Hatfield 2015, RAMP 2016). 
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Dissolved aluminum naturally occurs in surfaces water in low concentrations, but at elevated concentrations 
it can accumulate on the gills of fish, affecting respiration; dissolved aluminum in the Lake remained well 
below the GoA (2018) guideline of 0.05 mg/L in all 2018 samples. 


Total iron exceeded the GoA (2018) guidelines for the protection of aquatic life in summer and fall samples 
from the near-bottom stratum of the mid-lake station (PZ-1), and in the near-surface sample taken near the 
Lake outlet in fall (Table 17). Dissolved iron exceedances were limited to the near-bottom sample from the 
pelagic station in fall. Concentrations of total and dissolved iron in the Muskeg River basin have regularly 
exceeded GoA (2018) guidelines (Hatfield 2016a, JOSMP 2016), indicating that the concentrations 
observed in Mrs. T's Lake in 2018 were influenced by and representative of the Muskeg River source 
waters. 


The Year One water quality sampling events were completed soon after Mrs. T's Lake reached FSL in May 
2018. As expected, the water quality characteristics of the Lake were generally representative of the 
Muskeg River, with only iron and boron exceeding guidelines for the protection of aquatic life. It is expected 
that future years of monitoring will show the water quality in the Lake slowly shifting towards the typical 
characteristics of a lentic system. 
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Figure 20 and Figure 21 present piper plots of the ionic composition of Mrs. T's lake in the summer and fall 
of 2018, respectively. The Lake was bicarbonate-dominated, indicating ionic composition that is strongly 
influenced by surface water inputs. Overall, the ionic composition of the Lake in 2018 was comparable to 
the Muskeg River watershed (Hatfield 2015). 


Figure 20 Piper diagram of ion concentrations in the main basin of the Mrs. T's Lake, 
summer 2018. 
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Figure 21 Piper diagram of ion concentrations іп the main basin of the Mrs. T's Lake, 
fall 2018. 
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3.3.2.4  Trophic Status 


In 2018, total phosphorus concentrations in Mrs. T's Lake ranged from 0.0128 mg/L (PZ-1 surface in fall) 
to 0.0533 mg/L (PZ-1 near-bottom in fall). Based on these numbers, the trophic status index (TSI) was 
determined to range from 40.9 to 62.6, suggesting a mesotrophic to slightly eutrophic system (Table 18) 
(Wetzel 2001). 


TN:TP molar ratios in surface waters ranged from 35.3 to 156.9, while ratios varied from 21.2 to 27.4 in near- 
bottom samples. The TN:TP molar ratio was greater than 50 in surface water samples collected from the mid- 
lake station and near the outlet in fall, while all other samples measured between 20 and 50 (Table 18). Overall, 
these results suggest that Mrs. T's Lake is likely a phosphorus-limited system; however, it should be noted that 
transient limitation of algal growth by nitrogen is often observed in P-limited northern freshwater systems during 
the growing season, and that this phenomenon may occur in Mrs. T's Lake. 
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Table 18  Seasonal trophic status, trophic class, total nitrogen to phosphorus molar 
ratios, and the predicted limiting nutrient in Mrs. T's lake, 2018. 


Season Station Sample Sous Class (мз) Nutrient 
Зиттег PZ1 Surface 40.9 Mesotrophic 43.6 Total N or P 
Fall PZ1 Surface 41.9 Mesotrophic 156.9 Total P 
Summer PZ1 Bottom 53.0 Eutrophic 27.4 Total N or P 

Fall PZ1 Bottom 62.6 Eutrophic 21.2 Total N or P 
Summer Outlet (IC-1) Surface 42.1 Mesotrophic 35.3 Total N or P 
Fall Outlet (IC-1) Surface 43.6 Mesotrophic 89.3 Total P 


3.3.3 Sediment Quality 


The sediment monitoring component of the Program is designed to assess two indicators of environmental 
quality: the physio-chemical characteristics of the sediments, and the potential for the sediments to cause 
mortality or inhibit growth in controlled laboratory assays using cultured organisms. These two indicators 
are discussed separately in the following sections. 


3.3.3.4 Physio-Chemical Characteristics 


The substrate of Mrs. T’s Lake is predominantly sand, which is the result of a mineral soil liner that was 
installed to reduce potential surface water interactions with the natural ores (2 7% bitumen content) and 
lean oil sands (<7% bitumen content) present in the vicinity of the Lake footprint (Norwest Corporation 
2013). During construction, lean oil sands were used to cap any exposures of natural ores, and then all 
lean oil sands were capped with a minimum 0.5 m of clean sand. Cobble armoring was placed near the 
Lake inlet and outlet to minimize erosion during infilling. Inlet and outlet areas were also lined with coarse 
gravel to provide spawning habitat for fish. 


Select sediment quality endpoints measured in samples collected in August 2018 from the littoral zone that 
received inlet channel flows during the Lake filling process (LZ-INLET), the deep-water station (PZ-1), and 
a composite sample collected from eight littoral stations positioned around the perimeter of the Lake are 
summarized in Table 19; the complete laboratory sediment quality dataset for 2018 is provided in Appendix 
A4. The deep-basin sediments were comprised primarily of sand, with smaller proportions of silt and clay, 
and minor organic carbon fractions. The substrate compositions of the littoral zone samples were 
predominately comprised of sand, with smaller silt and clay proportions. The relative contributions of silt, 
clay, and organic carbon in the Lake are expected to increase over time, as suspended materials imported 
from Muskeg River and autochthonous biomass generated within the Lake continue to settle out of the 
water column and accumulate over the sand cap. 


All metal concentrations were below applicable interim sediment quality guidelines (ISQG) and probable 
effects levels (PEL) at all three sampling stations in 2018. Metals readily adsorb to organic matter and clays, 
so the low concentrations of metals in sediment samples may be a consequence of the higher percentage 
of sand and lower percentage of silt and fine-clay sized particles. 
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Low molecular-weight compounds (Fraction 1 including BTEX, and Fraction 2) are highly volatile and have 
high aqueous solubilities that allow transport through the water column, making them more bioavailable 
(and toxic) to freshwater aquatic life (AENV 2001). In contrast, higher molecular weight hydrocarbons 
(Fractions 3 and 4) have much lower aqueous solubilities, resulting in compounds that are more persistent 
in the environment but have less potential for toxic effects. Hydrocarbon concentrations in the Lake were 
dominated by higher molecular weight compounds in 2018, all of which were below their respective 
guidelines for coarse-grained (median > 75 ит) surface soils in а residential/parkland setting (CCME 2008). 


3.3.3.2 РАН Toxicity 


Concentrations of all analyzed PAH compounds were below detection limits in all three sediment samples 
collected from Mrs. T's Lake in 2018 (Table 19); consequently, no РАН Hazard Index could be calculated. 


Table 19 
2018. 


Variable 


Physical Variables 
Moisture 
Total Organic Carbon 
Sand 
Sand (2.0 mm - 0.05 mm) 
Silt 
Silt (0.05 mm - 2 um) 
Clay 
Clay («2 um) 


Texture 


Total Petroleum Hydrocarbons 
BTEX 
Fraction 1 (C6-C10) 
Fraction 2 (C10-C 16) 
Fraction 3 (C16-C34) 
Fraction 4 (C34-C50) 
Select PAHs 
Total PAHs 
Total Parent PAHs 
Total Alkylated PAHs 
Predicted PAH Toxicity 


Values in bold italics indicate concentrations exceeding guidelines; 


Units 


mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 


mg/kg 

mg/kg 

mg/kg 
H.I. 


Sediment quality data collected from MRME Compensation Lake in August 


PZ-1 


31.3 
0.710 
59.8 
68.6 
20.2 
23.1 
20.0 
8.3 
Sandy loam/ 
Sandy clay 


<10 

<10 

<20 
23 


Guideline Sampling Location 
ISQG PEL LZ-INLET LZ-COMP 
- - 23 20.7 
- - 0.258 0.223 
- - 95.8 94.2 
- - 97.8 96.9 
- - 4.2 5.8 
- - 1.4 2.6 
- = <1.0 <1.0 
- = <1.0 <1.0 
- - Запа Запа 
- - <10 <10 

30' 7 <10 <10 
150! - <20 <20 
300! - 47 73 
2800! - 39 66 

- - <1.309 <1.309 
= a «0.219 «0.219 
3 S «1.09 «1.09 
1 1 2 2 


! Guideline is for residential/parkland course (median grain size > 75 ит) surface soils (CCME 2008). 


2 PAH toxicity not calculated; а! PAH results were below detection limit. 


3 Values represent percent difference from control observations. 
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Table 19 (Cont'd.) 


Guideline Sampling Location 
Variable Units 
ISQG PEL LZ-INLET 12-СОМР PZ-1 
Select PAHs (Cont'd.) 
Acenaphthene mg/kg 0.00671 0.0889 «0.005 «0.005 «0.005 
Acenaphthylene mg/kg 0.00587 0.128 «0.005 «0.005 «0.005 
Anthracene mg/kg 0.0469 0.245 «0.004 «0.004 «0.004 
Benzo(a)anthracene mg/kg 0.0317 0.385 «0.01 «0.01 «0.01 
Benzo(a)pyrene mg/kg 0.0319 0.782 «0.01 «0.01 «0.01 
Chrysene mg/kg 0.0571 0.862 «0.01 «0.01 «0.01 
Dibenz(a,h)anthracene mg/kg 0.00622 0.135 «0.005 «0.005 «0.005 
Fluoranthene mg/kg 0.111 2.355 «0.01 «0.01 «0.01 
Fluorene mg/kg 0.0212 0.144 «0.01 «0.01 «0.01 
Naphthalene mg/kg 0.0346 0.391 «0.01 «0.01 «0.01 
Phenanthrene mg/kg 0.0419 0.515 «0.01 «0.01 «0.01 
Pyrene mg/kg 0.053 0.875 «0.01 «0.01 «0.01 
Total Metals | 
Aluminum (А!) mg/kg - - 450 394 5,460 
Antimony (Sb) mg/kg - - <0.1 <0.1 <0.1 
Arsenic (As) mg/kg 5.9 17 0.35 0.36 1.77 
Barium (Ba) mg/kg - - 5.86 5.63 38.70 
Beryllium (Be) mg/kg - - «0.1 «0.1 0.27 
Bismuth (Bi) mg/kg - - «0.2 «0.2 «0.2 
Boron (B) mg/kg - - «5.0 «5.0 5.9 
Cadmium (Cd) mg/kg 0.6 3.5 «0.02 «0.02 0.02 
Calcium (Ca) mg/kg - - 2,020 3,070 8,870 
Chromium (Cr) mg/kg 37.3 90 1.17 1.07 10.40 
Cobalt (Co) mg/kg - - 0.41 0.42 2.92 
Copper (Cu) mg/kg 35.7 197 0.90 0.58 4.41 
Iron (Fe) mg/kg - - 1,210 1,060 7,900 
Lead (Pb) mg/kg 35 91.3 0.73 0.72 4.02 
Lithium (Li) mg/kg - - «2.0 «2.0 6.4 
Magnesium (Mg) mg/kg - - 680 960 2,490 
Manganese (Mn) mg/kg - - 26.0 36.6 102.0 
Mercury (Hg) mg/kg 0.17 0.486 «0.005 «0.005 0.01 
Molybdenum (Mo) mg/kg - - «0.1 «0.1 0.3 
Nickel (Ni) mg/kg - - 2.64 1.01 7.85 
Phosphorus (P) mg/kg - - «50 «50 137 
Potassium (K) mg/kg - - <100 <100 740 
Selenium (Se) mg/kg - - <0.2 <0.2 <0.2 


Values in bold italics indicate concentrations exceeding guidelines; 
1 Guideline is for residential/parkland course (median grain size > 75 ит) surface soils (ССМЕ 2008). 
2 PAH toxicity not calculated: all PAH results were below detection limit. 


3 Values represent percent difference from control observations. 
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Table 19 (Cont'd.) 


Guideline Sampling Location 
Variable Units 
ISQG PEL LZ-INLET LZ-COMP PZ-1 
Total Metals (Cont’d.) 
Silver (Ag) mg/kg - - <0.1 <0.1 <0.1 
Sodium (Ма) mg/kg - - <50 <50 69 
Strontium (Sr) mg/kg - - 6.53 8.82 24.90 
Sulfur (S) mg/kg - - <1000 <1000 <1000 
Thallium (TI) mg/kg - - «0.050 «0.050 0.052 
Tin (Sn) mg/kg - - «2 «2 «2 
Titanium (Ti) mg/kg - - 18.1 15.6 74.6 
Tungsten (W) mg/kg E - «0.5 «0.5 «0.5 
Uranium (U) mg/kg - - 0.074 0.070 0.319 
Vanadium (V) mg/kg - - 1.67 1.47 14.70 
Zinc (Zn) mg/kg 123 315 «2.0 «2.0 11.5 
Zirconium (Zr) mg/kg - - 1.2 1:4 9.6 


Values in bold italics indicate concentrations exceeding guidelines; 
! Guideline is for residential/parkland course (median grain size > 75 ит) surface soils (CCME 2008). 
? PAH toxicity not calculated; all PAH results were below detection limit. 


3 Values represent percent difference from control observations. 


3.3.3.3  Sublethal Toxicity 


Results of sublethal toxicity testing on the amphipod Hyalella azteca and the midge Chironomus dilutes are 
summarized in Table 20, Figure 22, and Figure 23. A single control group was used for both basins in 2018. 


The Lake sediments that were sampled in August 2018 did not cause an ecologically significant decrease 
in invertebrate survival when compared to the laboratory control, with only one out of five Hyalella replicates 
for the littoral and the pelagic stations showing a greater than 2096 decrease in survivorship. 


The littoral zone composite (LZ-COMP) and the littoral zone below the inlet (LZ-INLET) samples did not 
affect the growth of Hyalella or chironomids relative to the control; however, sediments from the pelagic 
station (PZ-1) exhibited decreased Hyalella growth in all five replicates (average decrease of 3396), which 
represents an ecologically significant difference based on Environment Canada's guidelines for 
comparisons between exposure and control samples (CCME 1995). Pelagic sediments did not show a 
similar effect on chironomid growth, relative to laboratory controls. Chemical characterization of PZ-1 
sediments did not document any exceedances of GoA (2018) or CCME (2008) guidelines for total metals, 
PAHS, or hydrocarbons, suggesting sediment quality at this station is suitable for biological colonization. 
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Table 20 Results for Mean Hyalella azteca and Chironomus dilutus Survival and 
Growth. 


Sample ID Mean Зигмма!% */- SD Mean Dry Weight +/- SD (mg) 


Hyalella azteca 


Laboratory Control 100 +/- 0 0.21 +/- 0.02 
Pelagic Station (PZ-1) 90 +/- 7 0.14 +/- 0.02* 
Inlet Channel (LZ-INLET) 98 +/- 4 0.24 +/- 0.04 
Littoral Zone (LZ-COMP) 96 +/-9 0.23 +/- 0.04 


Chironomus dilutes 


Laboratory Control 96 +/-5 1.94 +/- 0.16 
Pelagic Station (PZ-1) 92 +/- 11 2.01 +/- 0.29 
Inlet Channel (LZ-INLET) 98 +/- 4 2.00 +/- 0.20 
Littoral Zone (LZ-COMP) 100 +/- 0 2.20 +/- 0.25 


SD = Standard Deviation 
*Indicates a statistically significant decrease in the sample relative to the laboratory control. 


Figure 22 Chironomus dilutus survival and growth during 10-day static exposure to 
sediments from the LZ-INLET, LZ-COMP, and the PZ-1 stations of Mrs. T's 
Lake, August 2018. 
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Toxicity endpoints (i.e., survival and growth) more than 20% different from the mean of parallel control assays 
are labelled with green symbols. 
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Figure 23 Hyalella Azteca survival апа growth during 14-дау static exposure to 
sediments from the LZ-INLET, the LZ-COMP, and the PZ-1 stations of the Lake, 
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Toxicity endpoints (i.e., survival and growth) more than 20% different from the mean of parallel control assays 
are labelled with green symbols. 


3.3.4 Fish Passage 


A condition of DFO Authorization ED-05-3287-2 requires fish habitat assessments to be performed as part 
of the Mrs. T's Lake Monitoring Program. These habitat assessments include monitoring the availability of 
fish passage between Muskeg River and the Lake. Requirements listed in the NNLP (Shell 2013) and the 
Lake Detailed Design (Norwest 2013) specify water depths of approximately 10 cm are required for fish 
passage to occur through the inlet and outlet channels of Mrs. T's Lake, although some forage fish species 
are expected to be able to migrate through shallower depths. While flow velocities for fish passage were 
not specified in the NNLP or Detailed Design, measured velocities in the inlet and outlet channels are 
discussed below. The effect of water velocities on upstream fish passage are affected by various site- 
specific factors, such as the species and life-stages of interest, the distance of travel, and the availability of 
velocity shadows for mid-travel resting. A general rule of thumb that has been applied for upstream 
movement assessments is that flow velocities below 0.5 m/s are ideal, and that passage becomes more 
restricted as velocities increase, with limitations occurring at flow velocities above 1.0 m/s (depending on 
fish species, swimming form, and size). 


Flows in the inlet channel were present for 226 consecutive days during the 2018 WY, beginning on March 
20, 2018; however, due to low water depths and ice cover in the channel, fish passage would likely not 
have been available until higher flows occurred in conjunction with open-water conditions. Open-water flows 
were present beginning on April 14, 2018 and were maintained for the remainder of the 2018 WY (201 
consecutive days). Pressure transducer readings from station IC-1 indicate that inlet channel water depths 
were continuously greater than 10 cm from April 14 until the end of the 2018 WY. Following Lake filling, all 
measured flow velocities were also below 1.0 m/s, suggesting upstream fish passage from the Lake to 
Muskeg River would not have been substantially impeded by high inlet velocities. Field observations during 
the 2018 WY also indicated that no debris or obstructions were present in the channel that would prevent 
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fish passage, and no fish stranding or mortalities were observed by Hatfield or Canadian Natural OPS 
Environment staff. 


Flow was measured in the outlet channel for a total of 37 days during the 2018 WY. Pressure transducer 
readings for station OC-1 indicated that water depths met or exceeded 10 cm in the outlet channel on 32 
of those days (May 4-21, July 3-12, and July 26-29). During the May 10 field visit (i.e., near the peak flow 
period for OC-1 in 2018), the average flow velocity was approximately 0.21 m/s. The outlet channel 
substrate is also interspersed with large embedded boulders, which provide instream cover and flow 
complexities (eddies) that are expected to further facilitate fish passage. No obstructions to fish passage 
were observed in the outlet channel during the 2018 WY. Overall, conditions within the outlet channel were 
suitable for fish passage for 27 days during the 2018 WY. Consistent with the inlet channel, no fish stranding 
or mortalities were observed. 


3.3.5 | Geomorphic Stability of Inlet and Outlet Channels 


An objective of the Program is to assess the geomorphic stability of the inlet and outlet channels and the 
lakeshore. The inlet channel conveyed surface flow for 226 days, while the outlet channel received flow 
contributions from the Lake for 37 days in 2018. Assessing the stability of the outlet channel at select cross- 
section locations was considered unnecessary in 2018, due to the low magnitude of flows observed 
(maximum instantaneous discharge of 0.14 m?/s); however, cross-sections were surveyed in support of 
developing a stage-discharge relationship for the OC-1 station, and these data and survey locations will be 
used in future stability assessments. Assessment of the stability of the lakeshore was also considered 
unnecessary in 2018, as the Lake did not reach FSL until May, and the Year One monitoring objectives 
were not initiated until July 2018. Monitoring of lakeshore stability will begin in 2019 as part of the Year Two 
monitoring objectives. 


Following March 2018 excavation repairs to the Inlet Invert and channel, as-built drawings (Four Directions 
Resources 2018) indicated the adjusted elevations were approximately 277.45 m for the Invert and 277.40 
m at the IC-1 station (0-090 m). Freshet flows in April caused a large amount of channel erosion and head 
cutting through the length of the inlet channel. On April 27, the thalweg of the inlet channel was surveyed 
in multiple locations along the channel length, extending from the IC-1 station up to just below the Inlet 
Invert at the Muskeg River. The surveyed elevations presented in Table 21 indicate that the Inlet Invert was 
largely stable (i.e. changed by less than 10 cm from the March 2018 as-built) during these floods, and that 
erosion (i.e., head cutting of the channel) increased with distance downstream. The survey indicated that 
as of April 27, 2018, the inlet channel at IC-1 had been eroded by approximately 0.6 m relative to the post- 
repair as-built elevation. Figure 24 below shows the absence of apparent erosion at the new post-erosion 
Inlet Invert, the slumping of inlet channel banks, and head cutting along the inlet channel, as observed on 
April 27. Inlet channel bed elevations collected at IC-1 on June 5 indicate a thalweg elevation of 276.99 m 
at the IC-1 location (0-090 m). The slight increase in elevation relative to April 27 may suggest material 
from the slumping channel banks had deposited on the channel bed. A September 18 survey of the Inlet 
Invert yielded an elevation of 277.41 m, which when compared the as-built and April 27 elevations, 
demonstrated the stability of the Inlet Invert throughout 2018 (total change of -0.04 m from the as-built). 
The stability of the inlet channel will continue to be monitored at the Inlet Invert and IC-1 locations in future 
years. 
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Table 21 Inlet channel thalweg elevations surveyed on April 27, 2018. 


Coordinates (UTM NAD 83) 


2018 As-Built : 
; А Elevation 
Survey ID Approximate Location 
(т) т аз! Easting (m) 
1 2. 276.805 472077 
ћудготе с station) 
2 0+080 276.894 472071 
3 0+075 276.988 472068 
4 0+065 277.094 472064 
5 0+055 277.135 472057 
6 0+040 277.352 472048 
7 0+032 277.366 472046 
8 0+026 277.364 472042 
9 0+020 (at Inlet Invert) 277.364 472041 
10 0+012 277.266 472041 
11 0+008 277.227 472041 


Figure 24 Inlet Channel erosion observed on April 27, 2018. 
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CONCLUSIONS 


The following results and conclusions are considered relevant to the 2018 monitoring objectives for the Lake: 
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The Lake filled to FSL on May 4, 2018. Filling of the Lake ended the 2018 TDL and initiated Year One 
of the 5-Year Monitoring Plan. 


Daily discharge data for the inlet channel indicated that 2,916,346 m? was diverted from Muskeg River 
to the Lake over the course of 226 days, from March 20 to the end of the 2018 WY (October 31). Of 
this volume, 1,609,805 m? was diverted under the 2018 TDLs that were issued for Lake filling 
purposes. Flow inputs to the Lake were much higher than in 2016 or 2017, due to repairs that reduced 
the Inlet Invert elevation in March 2018. 


Diversions exceeded 15% of Muskeg River flows (42.4% maximum) оп 24 days. The diversion total 
of 1,609,805 m? from the beginning of the 2018 WY (November 1, 2017) to the date of Lake filling 
(May 4, 2018) was below the allocated volume of 1,790,259 m?, and instantaneous diversion rates 
did not exceed the 2.36 m?/s threshold at any time (maximum observed diversion rate of 1.87 m?/s). 


The estimated Lake volume at the end of the 2018 WY was 2,064,838 m? (9096 of FSL volume), 
representing a 1,507,412 m? increase from the start of the 2018 WY. 


Filling of the Lake resulted in flows spilling to the outlet channel during the 2018 WY. Daily 
discharge data for the outlet channel indicated that 142,560 m? of water was returned to the Muskeg 
River over 3/ days during the 2018 WY (May 4-20, July 4-11, and July 27-28). 


The results of the water balance suggest that despite an overall increase in Lake volume, there 
were also substantial volume losses from the Lake in the form of unmeasured outputs. Surface 
water inputs (inlet channel) and unmeasured outputs (assumed to be shallow groundwater, 
subsurface flow, reverse flow in the inlet channel, and/or volume unaccounted for in the Lake 
storage due to outdated bathymetry data) appeared to be the dominant contributors to changes in 
Lake storage volumes, while precipitation, evaporation, and surface water outputs (outlet channel) 
comprised smaller proportions of the balance. 


The inlet channel and Inlet Invert were repaired (excavated) in March 2018, lowering the elevation 
of the entire channel. Freshet flows in April 2018 subsequently caused substantial channel erosion 
and head cutting in the inlet channel, resulting in bed scour as high as 0.6 m. Subsequent elevation 
surveys of key locations in the inlet channel indicated that channel elevation stabilized after the 
freshet event. The geomorphic stability of the outlet channel was not assessed in 2018, due to 
presence of only intermittent flow (37 days) with low discharge magnitudes (less than 0.2 m?/s). 


The sustained flow and continuous depths greater than 10 cm in the inlet channel, and the 
intermittent flow in the outlet channel suggest that fish passage between Muskeg River and the 
Lake was available in 2018. 


Results of continuous and in situ water quality monitoring indicated that the lake was thermally 
stratified during the summer months. DO concentrations in the Lake were below guidelines for the 
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protection of aquatic life (GoA 2018) at depths greater than 4 m until seasonal mixing occurred in 
fall. pH remained within guidelines during the open-water period. Concentrations of all analytical 
water quality variables except iron and boron were below guidelines for the protection of aquatic 
life (GoA 2018) in 2018. These exceedances are considered representative of naturally occurring 
conditions in the local study area, with similar observations commonly occurring in the Muskeg 
River watershed. 


2018 sediment toxicity test results indicated that pelagic sediments had an ecologically significant 
effect on the growth of Hyalella; however, all sediment quality analytes were below the interim 
sediment quality guidelines and probable effect levels in 2018, and there were no toxic effects on 
invertebrate survival observed in the lab testing, suggesting the Lake sediments are capable of 
supporting a diverse community of aquatic invertebrates. 


It is expected that future years of monitoring will show the water and sediment quality in the Lake 
slowly shifting towards the typical characteristics of a lentic system. 


RECOMMENDATIONS 


The following recommendations are proposed to continue and improve the monitoring program at MRME 
Compensation Lake in 2019: 


Mrs. T's Lake Monitoring Program 62 Hatfield 


Complete monitoring as defined for Year Two of the 5-Year Plan; 


Continue to photo-document in-channel vegetation and beaver activity in the Muskeg River, and rill 
erosion around the Lake; 


Monitor erosion in the Inlet Channel, especially following freshet floods in 2019; 


Conduct multiple flow measurements along the lengths of the inlet and outlet channels to develop 
an understanding of flow volumes that may be traveling subsurface or through the substrate; 


Calculate 2019 Lake depths and volumes using updated bathymetry data collected by Canadian 
Natural; and 


Consider the use of local groundwater level data to inform the calculation of residual water volume 
contributions to the Lake water balance. 
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A1.0 QUALITY ASSURANCE AND QUALITY CONTROL 
PROCEDURES 


Quality assurance and quality control (ОА/ОС) is a documentation system used to review and audit data 
management and reporting activities. The objective of this system is to provide assurance that defined 
standards of quality are being achieved. Quality control refers to the specific methodological techniques 
that are implemented within the quality assurance plan. А successfully implemented QA/QC program will 
ensure that field and analytical methods are undertaken in a scientifically defensible and repeatable 
manner. À variety of quality control procedures were applied during the 2018 Program, with the objective 
of providing incremental checks and balances throughout data collection, data analysis, and reporting. 


Hatfield maintains standard operating procedures (SOPs) for field data collection activities, to ensure 
standardized approaches are used by all Hatfield personnel. These documents identify specific methods 
for sample collection, sample labeling and handling, equipment calibration and use, and record-keeping. 
All Hatfield field technicians are familiar with the SOPs, and implement field programs according to the 
instructions presented within them. 


In advance of each sampling program, a set of field work instructions (FWI) was provided to and reviewed 
by each crew member. These documents consist of a detailed summary of the sampling tasks to be 
undertaken and the rationale for collecting the data. A pre-field meeting was held by the project manager 
before each sampling program to review the FWI. This approach allowed any discrepancies in 
understanding to be identified and addressed prior to data collections. 


Quality control procedures for data entry included a 100% re-check on all hardcopy data, to ensure accurate 
transcription from field data sheets to digital formats. Data were also displayed graphically to visually assess 
for the presence of any outliers caused by field data entry errors. 


Water Quality QA/QC 


To assess potential contamination occurring in the field, samples of deionized water were prepared and 
submitted blind tothe consulting laboratories for analysis alongside the ambient water samples. 
Laboratory-prepared travel blanks were also submitted for each water quality program, to identify potential 
contamination issues related to laboratory handling and analysis. 


Screening for potentially contaminated samples was achieved by comparing field blank results to analytical 
detection limits. Blanks with analyte concentrations below or near the detection limits represent samples 
that were collected and handled properly. Blanks with contaminant concentrations greater than five times 
the detection limits were identified as potentially contaminated during sample collection, shipping, or 
analysis. The pH analyte was exempt from this quality check since the pH of pure water can not be related 
to the precision of the instrument. 


A review of field and travel blank results was conducted to identify any variables that occurred at elevated 
levels, and to determine whether incidences of potential contamination resulted during sample collection 
(i.e., elevated concentrations in field blanks only), or during laboratory analysis (i.e., elevated 
concentrations in field and travel blanks, or travel blanks only). 
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Additionally, one set of duplicate samples was collected from the lake outlet in July and September 2018 
sampling events and submitted blind to the laboratories. The purpose of collecting duplicate samples is to 
measure within-site and analytical variability. Analytical results for duplicate samples were compared, and the 
relative percent difference (RPD; difference between data values and average of data values multiplied by 
100%) was calculated for each analyte. Relative percent differences greater than 20% were flagged as 
providing a potentially unacceptable level of precision; however, because precision decreases as the analyte 
concentration approaches the detection limit, relative percent differences greater than 2096 were considered 
to be of significance only if analyte concentrations in both samples were greater than five times the detection 
limit. The 20% RPD target for duplicate samples is identical to QA thresholds used internally by contracted 
laboratories for most variables measured, although acceptable internal laboratory RPDs for some organic 
compounds (e.g., CCME hydrocarbons and some PAHs) may be higher (30 to 40%). 


Consulting laboratories incorporated a number of additional QA/QC procedures to ensure that sample 
contamination did not occur during analysis and that the reported results were precise and accurate. A 
method blank, consisting of a deionized water sample prepared at the initiation of the analysis, was used 
to assess potential instrument contamination. A sample divided into two aliquots (split sample) was used 
to assess the precision of the analysis. Spiked samples, reference standards, and laboratory controls were 
used to establish the accuracy of the analysis. 


In addition to quality control of the analytical process, the following field procedures were used to prevent 
contamination during sample collections: 


= All sample bottles were provided, sterilized, by the respective consulting laboratories; 
= Field staff wore powder-free nitrile gloves while collecting sample water; 


= Surface water samples were collected from approximately 0.3 m below the lake surface, to ensure 
no floating contaminants or LNAPLs were collected at concentrations unrepresentative of the entire 
lake water column; 


=  Near-bottom water was collected using a clean, triple-rinsed Van Dorn sampler, with samples 
transferred directly to lab-supplied bottles; 


= Care was taken not to disturb sediments during sampling, by avoiding bottom contact with the Van 
Dorn sampler; and 


= ОО titrations were completed in the field to confirm the accuracy of meter readings. 


Sediment Toxicity QA/QC 


In 2018, all sediment toxicity testing was conducted by Maxxam Analytics. Each sample was taken from 
homogenized sediment collected using the sediment quality QA/QC procedures outlined in section 
Appendix A1.0 — Sediment Quality QA/QC. The toxicological laboratory (Maxxam) used a number of 
laboratory QA/QC procedures to ensure that the reported results for sediment tests were precise and 
accurate. For each set of tests, a control group and reference toxicant were used to assess the accuracy 
of the toxicity test. In addition, five replicates of each treatment group were used in each test, to assess the 
precision of the results. 
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All laboratory QA/QC sample results were reviewed using in-house laboratory protocols to assess potential 
contamination and the precision and accuracy of the analyses. Any deviations from QA/QC criteria were 
identified in the laboratory reports. No deviations were reported during survival and growth analysis for both 
Chironomus dilutus and Hyalella Azteca test organisms. 


Sediment Quality QA/QC 


A number of QA/QC procedures were followed in the field to prevent sediment sample contamination. 
Before sample collection, all equipment (spoons, pans, grabs) were cleaned using four steps: 


1. Equipment was cleaned with ambient water and a metals-free soap (i.e., Liquinox); 
2. Equipment was rinsed with environmental grade hexane; 


3. Equipment was rinsed with environmental grade acetone (steps 2 and 3 remove any organic 
residues); and 


4. Equipment was rinsed three times with ambient water. 


Only grab samples that did not contain foreign objects, obtained an adequate penetration depth, and were 
not overfilled or leaking were used. Sediments were transferred directly from the grab to a pan, where they 
were homogenized with a large spoon. All sampling equipment that came in direct contact with the sample 
was constructed from stainless steel. As an additional precaution, staff wore powder-free nitrile gloves 
throughout the equipment cleaning and sample collection process. 


One split sample was taken from PZ-1 to assess laboratory precision. The relative percent difference (RPD) 
in the analytes measured in the two samples was calculated, and those that exceeded 20% (when 
concentrations were greater than five times the detection limit in both samples) were considered to exhibit 
potentially unacceptable levels of imprecision. The exception to this was the texture of the soil. 


A1.1 RESULTS AND DISCUSSION 
A1.1.1 Water Quality 


A1.1.1.1 Trip Blank Samples 


Trip blank results are summarized in (Table A1.1.1) No analytes exceeded the QA/QC guideline of 5 times 
the method detection limit for trip blank samples collected during summer and fall sampling events. 
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Table A1.1 Concentrations of water quality analytes in trip blanks for the MRS. T'S 


Lake 2018. 
Variable Unit Detection Limit Сопсептанопе in Trip Slank 
07-Jul-18 13-Sep-18 
Conventional Variables 
Alkalinity, Phenolphthalein (as СаСОз) mg/L 2 <2 <2 
Alkalinity, Total (as CaCOs) mg/L 2 <2 <2 
Color, True C.U. 2 <2 <2 
Conductivity (EC) uS/cm 2 <2 <2 
Dissolved Organic Carbon mg/L 0.5 <0.5 <0.5 
Hardness (as СаСОз) mg/L - <1 <1 
pH pH units 0.1 
Total Dissolved Solids mg/L 12^ «10 «12 
Total Organic Carbon mg/L 0.5 «0.5 «0.5 
Total Suspended Solids mg/L 3 «3 «3 
Dissolved Metals 
Aluminum (Al) mg/L 0.001 «0.001 0.0012 
Antimony (Sb) mg/L 0.0001 «0.0001 «0.0001 
Arsenic (As) mg/L 0.0001 «0.0001 «0.0001 
Barium (Ba) mg/L 0.0001 0.00022 «0.0001 
Beryllium (Be) mg/L 0.0001 «0.0001 «0.0001 
Bismuth (Bi) mg/L 0.00005 «0.00005 «0.00005 
Boron (B) mg/L 0.01* 0.0093 «0.01 
Cadmium (Cd) mg/L 0.000005 «0.000005 «0.000005 
Calcium (Ca) mg/L 0.5 «0.5 «0.5 
Cesium (Cs) mg/L 0.00001 «0.00001 - 
Chromium (Cr) mg/L 0.0001 «0.0001 «0.0001 
Cobalt (Co) mg/L 0.0001 «0.0001 «0.0001 
Copper (Cu) mg/L 0.0002 «0.0002 «0.0002 
Iron (Fe) mg/L 0.01 «0.01 «0.01 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 
Lithium (Li) mg/L 0.001 «0.0010 - 
Magnesium (Mg) mg/L 0.1 «0.1 «0.1 
Manganese (Mn) mg/L 0.0001 «0.0001 «0.0001 
Molybdenum (Mo) mg/L 0.00005 «0.00005 «0.00005 
Nickel (Ni) mg/L 0.0005 «0.0005 «0.0005 
Phosphorus (P) mg/L 0.05 «0.05 - 
Potassium (K) mg/L 0.5 «0.5 «0.5 
Rubidium (Rb) mg/L 0.0002 «0.0002 - 
Selenium (Se) mg/L 0.00005 «0.00005 «0.00005 
Silicon (Si) mg/L 0.05 «0.05 «0.05 
Silver (Ag) mg/L 0.00001 0.00001 «0.00001 
Sodium (Na) mg/L 1 «1 «1 
Strontium (Sr) mg/L 0.0002 «0.0002 «0.0002 
Sulfur (S) mg/L 0.5 «0.5 - 
Analytics » 5 times the detection limit 
prx Analytics « 5 times the detection limit 
- No value provided in lab report 
* Parameter has multiple detection limits - value provided is the greater detection limit 
Mrs. T's Lake Monitoring Program A1-4 Hatfield 


2018 Technical Report 


001080 


Detection Limit 


Concentrations in Trip Blank 


Table A1.1 (Сопға.) 
Variable Unit 
Dissolved Metals (Cont'd.) 
Tellurium (Te) mg/L 
Thallium (TI) mg/L 
Thorium (Th) mg/L 
Tin (Sn) mg/L 
Titanium (Ti) mg/L 
Tungsten (W) mg/L 
Uranium (U) mg/L 
Vanadium (V) mg/L 
Zinc (Zn) mg/L 
Zirconium (Zr) mg/L 
General Organics 
Hydrocarbons, Recoverable (I.R.) mg/L 
Naphthenic Acids mg/L 
Phenols (4AAP) mg/L 
Major lons 
Bicarbonate (НСОз) mg/L 
Calcium (Ca) mg/L 
Carbonate (COs) mg/L 
Chloride (Cl) mg/L 
Hydroxide (OH) mg/L 
Magnesium (Mg) mg/L 
Potassium (K) mg/L 
Sodium (Na) mg/L 
Sulfate (504) mg/L 
Sulfide (as S) mg/L 
Nutrients and BOD 
Ammonia, Total (as N) mg/L 
Biochemical Oxygen Demand mg/L 
Nitrate (as N) mg/L 
Nitrate and Nitrite (as N) mg/L 
Nitrite (as N) mg/L 
Orthophosphate (as P) mg/L 
Phosphorus (P)-Total mg/L 
Phosphorus (P)-Total Dissolved mg/L 
Total Kjeldahl Nitrogen mg/L 
Total Metals 
-Aluminum (Al) mg/L 
Antimony (Sb) mg/L 
Arsenic (As) mg/L 
Barium (Ba) mg/L 
Beryllium (Be) mg/L 
Bismuth (Bi) mg/L 
Boron (B) mg/L 
Cadmium (Cd) mg/L 


Analytics > 5 times the detection limit 


# 


* 


Analytics < 5 times the detection limit 
No value provided in lab report 


Parameter has multiple detection limits - value provided is the greater detection limit 
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0.0002 
0.00001 
0.0001 
0.0001 
0.0003 
0.0001 
0.00001 
0.0005 
0.001 
0.0003 


0.001 
0.2 


0.003 
0.0001 
0.0001 
0.0001 
0.0001 

0.00005 

0.002 

0.000005 


А1-5 


07-Ји!-18 13-5ер-18 
<0.0002 - 
<0.00001 <0.00001 
<0.0001 - 
<0.0001 <0.0001 
<0.0003 <0.0003 
<0.0001 - 
<0.00001 <0.00001 
<0.0005 <0.0005 
<0.001 <0.001 
<0.0003 - 
<1 <1 
0.33 <0.1 
<0.001 <0.001 
<5 <5 
- <0.1 
<5 <5 
<0.5 <0.5 
<5 <5 
- <0.1 
- <0.5 
= <1 
<0.3 <0.3 
- <0.0015 
<0.05 <0.05 
<2 Е 
<0.02 <0.02 
<0.022 <0.022 
<0.01 <0.01 
<0.010 <0.010 
<0.001 <0.001 
<0.001 <0.001 
<0.2 <0.2 
<0.003 <0.003 
<0.0001 <0.0001 
<0.0001 <0.0001 
0.00023 <0.0001 
<0.00010 <0.0001 
<0.00005 <0.00005 
0.0079 <0.002 
0.0000066 <0.000005 
Hatfield 
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Table A1.1  (Cont'd.) 


Concentrations in Trip Blank 


Variable Unit Detection Limit 07-Jul-18 13-Sep-18 
Total Metals (Cont'd.) 
Calcium (Ca) mg/L 0.1* «0.05 «0.10 
Cesium (Cs) mg/L 0.00001 «0.00001 «0.00001 
Chromium (Cr) mg/L 0.0001 «0.0001 «0.0001 
Cobalt (Co) mg/L 0.0001 «0.0001 «0.0001 
Copper (Cu) mg/L 0.0005 «0.0005 «0.0005 
Iron (Fe) mg/L 0.03* «0.01 «0.03 
Lead (Pb) mg/L 0.00005 «0.00005 «0.00005 
Lithium (Li) mg/L 0.001 «0.001 «0.001 
Magnesium (Mg) mg/L 0.1 «0.005 «0.1 
Manganese (Mn) mg/L 0.005 «0.0001 «0.0050 
Molybdenum (Mo) mg/L 0.00005 «0.00005 «0.00005 
Nickel (Ni) mg/L 0.0005 «0.0005 «0.0005 
Phosphorus (P) mg/L 0.05 «0.05 «0.05 
Potassium (K) mg/L 0.5 «0.05 «0.50 
Rubidium (Rb) mg/L 0.0002 «0.0002 «0.0002 
Selenium (Se) mg/L 0.00005 «0.00005 «0.00005 
Silicon (Si) mg/L 0.1 «0.1 «0.1 
Silver (Ag) mg/L 0.00001 «0.00001 «0.00001 
Sodium (Na) mg/L 1* «0.05 «1 
Strontium (Sr) mg/L 0.0002 «0.0002 «0.0002 
Sulfur (S) mg/L 0.5 «0.5 «0.5 
Tellurium (Te) mg/L 0.0002 «0.0002 «0.0002 
Thallium (TI) mg/L 0.00001 «0.00001 «0.00001 
Thorium (Th) mg/L 0.0001 «0.0001 «0.0001 
Tin (Sn) mg/L 0.0001 «0.0001 «0.0001 
Titanium (Ti) mg/L 0.0003 «0.0003 «0.0003 
Tungsten (W) mg/L 0.0001 «0.0001 «0.0001 
Uranium (U) mg/L 0.00001 «0.00001 «0.00001 
Vanadium (V) mg/L 0.0005 «0.0005 «0.0005 
Zinc (Zn) mg/L 0.003 «0.003 «0.003 
Zirconium (Zr) mg/L 0.00006 «0.00006 «0.00006 
Analytics > 5 times the detection limit 
# Analytics < 5 times the detection limit 
- No value provided in lab report 
* Parameter has multiple detection limits - value provided is the greater detection limit 


А1.1.1.2 Field Blank Samples 


Field blank results are summarized in (Table A1.1). No analytes exceeded the QA/QC guideline of 5 times 
the method detection limit for field blank samples collected during the fall sampling event. 
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Table A1.2 


Variable 


Concentrations of water quality analytes in field blanks for the MRS. Т'5 


Lake 2018. 


Conventional Variables 
Alkalinity, Phenolphthalein (as CaCO:) 
Alkalinity, Total (as СаСОз) 


Color, True 
Conductivity (EC) 


Dissolved Organic Carbon 
Hardness (as CaCO:) 


pH 


Total Dissolved Solids 
Total Organic Carbon 
Total Suspended Solids 


Dissolved Metals 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Bismuth (Bi) 
Boron (B) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 

Iron (Fe) 

Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Potassium (K) 
Selenium (Se) 
Silicon (Si) 
Silver (Ag) 
Sodium (Na) 
Strontium (Sr) 


Unit 


mg/L 
mg/L 
C.U. 
uS/cm 
mg/L 
mg/L 
pH 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


Analytics« 5 times the detection limit. 


Analytics » 5 times the detection limit. 


No value provided in lab report 
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Detection Limit 


0.001 
0.0001 
0.0001 
0.0001 
0.0001 

0.00005 
0.002 
0.000005 
0.5 
0.0001 
0.0001 
0.0002 
0.01 
0.00005 
0.1 
0.0001 
0.0005 
0.00005 
0.0005 
0.5 
0.00005 
0.05 
0.00001 
1 
0.0002 


Concentrations in Field Blank 


13-Sep-18 


«2 
«2 
«2 
«2 
0.56 
«1 


«12 
«0.5 
<3 


<0.001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.00005 
<0.002 
<0.000005 
<0.5 
<0.0001 
<0.0001 
<0.0002 
<0.010 
<0.00005 
<0.1 
<0.0001 
<0.0005 
<0.00005 
<0.0005 
<0.5 
<0.00005 
<0.05 
<0.00001 
<1 


<0.0002 
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Table A1.2 (Сопға.) 


Variable 


Dissolved Metals (Cont'd.) 
Thallium (TI) 

Tin (Sn) 

Titanium (Ti) 

Uranium (U) 

Vanadium (V) 

Zinc (Zn) 

General Organics 
Hydrocarbons, Recoverable (1.R.) 
Naphthenic Acids 

Phenols (4AAP) 

Major lons 

Bicarbonate (HCO:) 
Calcium (Ca) 

Carbonate (СОз) 

Chloride (Cl) 

Hydroxide (OH) 

Magnesium (Mg) 

Potassium (K) 

Sodium (Na) 

Sulphate (SO,) 

Sulphide (as S) 

Nutrients and BOD 
Ammonia, Total (as N) 
Biochemical Oxygen Demand 
Nitrate (as N) 

Nitrate and Nitrite (as N) 
Nitrite (as N) 
Orthophosphate-Dissolved (as P) 
Phosphorus (P)-Total 
Phosphorus (P)-Total Dissolved 
Total Kjeldahl Nitrogen 
Total Metals 

Aluminum (Al) 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Beryllium (Be) 

Bismuth (Bi) 

Boron (B) 

Cadmium (Cd) 

Calcium (Ca) 

Cesium (Cs) 

Chromium (Cr) 


Unit 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


f МОЕТ" # 7 Analytics< 5 times the detection limit. 
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Analytics » 5 times the detection limit. 
- No value provided in lab report 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
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Concentrations in Field Blank 
Detection Limit 


13-Sep-18 
0.00001 «0.00001 
0.0001 «0.0001 
0.0003 «0.0003 
0.00001 «0.00001 
0.0005 «0.0005 
0.001 «0.001 
1 «1 
0.1 «0.1 
0.001 «0.001 
5 «5.0 
0.1 «0.1 
5 «5 
0.5 «0.5 
5 «5 
0.1 «0.1 
0.5 «0.5 
1 «1 
0.3 «0.3 
0.0015 «0.0015 
0.05 «0.05 
2 " 
0.02 «0.02 
0.022 «0.022 
0.01 «0.01 
0.01 «0.01 
0.001 «0.001 
0.001 «0.001 
0.2 «0.2 
0.003 «0.003 
0.0001 «0.0001 
0.0001 «0.0001 
0.0001 «0.0001 
0.0001 «0.0001 
0.00005 «0.00005 
0.002 «0.002 
0.000005 «0.000005 
0.1 «0.1 
0.00001 «0.00001 
0.0001 «0.0001 
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Table A1.2 (Сопға.) 


Concentrations in Field Blank 


Variable Unit Detection Limit 

13-Sep-18 
Total Metals (Cont'd.) 
Cobalt (Co) mg/L 0.0001 «0.0001 
Copper (Cu) mg/L 0.0005 «0.0005 
Iron (Fe) mg/L 0.03 «0.03 
Lead (Pb) mg/L 0.00005 «0.00005 
Lithium (Li) mg/L 0.001 «0.001 
Magnesium (Mg) mg/L 0.1 «0.1 
Manganese (Mn) mg/L 0.005 «0.005 
Mercury (Hg) ug/L 0.0005 <0.0005 
Molybdenum (Mo) mg/L 0.00005 <0.00005 
Nickel (Ni) mg/L 0.0005 <0.0005 
Phosphorus (P) mg/L 0.05 <0.05 
Potassium (K) mg/L 0.5 <0.5 
Rubidium (Rb) mg/L 0.0002 <0.0002 
Selenium (Se) mg/L 0.00005 <0.00005 
Silicon (Si) mg/L 0.1 <0.1 
Silver (Ag) mg/L 0.00001 <0.00001 
Sodium (Na) mg/L 1 <1 
Strontium (Sr) mg/L 0.0002 <0.0002 
Sulfur (S) mg/L 0.5 <0.5 
Tellurium (Te) mg/L 0.0002 <0.0002 
Thallium (TI) mg/L 0.00001 <0.00001 
Thorium (Th) mg/L 0.0001 <0.0001 
Tin (Sn) mg/L 0.0001 <0.0001 
Titanium (Ti) mg/L 0.0003 <0.0003 
Tungsten (W) mg/L 0.0001 <0.0001 
Uranium (U) mg/L 0.00001 <0.00001 
Vanadium (V) mg/L 0.0005 <0.0005 
Zinc (Zn) mg/L 0.003 <0.003 
Zirconium (Zr) mg/L 0.00006 <0.00006 

# Analytics< 5 times the detection limit. 
4 Analytics > 5 times the detection limit. 


- No value provided in lab report 


A1.1.1.3 Duplicate Samples 


Duplicate sample results are summarized in Table A1.2 Two sets of water quality duplicates were collected 
in 2018: a summer (July 7, 2018) and a fall (September 13, 2018) sample. The RPDs for all conventional 
variables, nutrients, major ions and metals were less than 20% for analytes present at greater than five 
times the detection limit. Exceptions to this includes total dissolved phosphorus (140.5396) in summer апа 
dissolved manganese (Mn) (29.24%) in fall, both of which do not have water quality guidelines. Naphthenic 
acid (97.4496) and Phenols (4095) analyte groups are the only additional variables that had RPD greater 
than 20% but these were less than five time the detection limit. These RPDs were less than 5 times the 
detection limit for these samples. 
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Table А1.3 Relative percent differences between duplicate water quality samples 
collected for Outlet, Summer and Fall in the MRS. T'S Lake, 2018. 


Summer Relative Fall Relative 
Variable Unit Detection Percent Percent 
Limit Outlet Duplicate Difference ^ Outlet Duplicate Difference 
(%)' (%)' 
Conventional Variables 
con Phenolphthalein (as mg/L 2 2 2 0.00 2 2 0.00 
Alkalinity, Total (as СаСОз) mg/L 2 154 153 0.65 154 154 0.00 
Color, True C.U. 2 43.9 41.1 6.59 36.6 37.0 1.09 
Conductivity (EC) uS/cm 2 319 319 0.00 316 317 0.32 
Dissolved Organic Carbon mg/L 1 17.2 16.8 2.35 17.3 17.7 2.29 
Hardness (as CaCO;) mg/L - 149 149 0.00 176 174 1.14 
pH pH 0.1 8.22 8.2 0.24 8.14 8.13 0.12 
Total Dissolved Solids mg/L 10 230 223 3.09 172 184 6.74 
Total Organic Carbon mg/L 1 16.7 16.6 0.60 - - - 
Total Suspended Solids mg/L 3 6 6.6 9.52 8.7 10.4 17.80 
Dissolved Metals 
Aluminum (Al) mg/L 0.001 0.005 0.005 0.00 0.0012 0.0012 0.00 
Antimony (Sb) mg/L 0.00001 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Arsenic (As) mg/L 0.00005 0.0005 0.0005 0.00 0.00037 0.00034 8.45 
Barium (Ba) mg/L 0.0001 0.0402 0.0391 2.77 0.0409 0.0402 1.73 
Beryllium (Be) mg/L 0.000005 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Bismuth (Bi) mg/L 0.00005 0.00025 0.00025 0.00 0.00005 0.00005 0.00 
Boron (B) mg/L 0.005 0.071 0.072 1.40 0.0686 0.0685 0.15 
Cadmium (Cd) mg/L 0.000005 0.000025 0.000025 0.00 0.000005 0.000005 0.00 
Calcium (Са) mg/L 0.05 40.2 39.9 0.75 41.4 41.6 0.48 
Cesium (Cs) mg/L 0.000005 0.00005 0.00005 0.00 - - - 
Chromium (Cr) mg/L 0.0005 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Cobalt (Co) mg/L 0.00005 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Copper (Cu) mg/L 0.0002 0.001 0.001 0.00 0.00034 0.00036 5.71 
Iron (Fe) mg/L 0.03 0.05 0.05 0.00 0.046 0.042 9.09 
Lead (Pb) mg/L 0.00005 0.00025 0.00025 0.00 0.00005 0.00005 0.00 
Lithium (Li) mg/L 0.0002 0.0105 0.0103 1.92 - - - 
Magnesium (Mg) mg/L 0.1 11.8 11.9 0.84 12.2 12.3 0.82 
Manganese (Mn) mg/L 0.0001 0.0005 0.0005 0.00 0.00098 0.00073 
Мегсигу (На) ug/L 0.0005 0.0005 0.0005 0.00 0.0005 0.0005 0.00 
Molybdenum (Mo) mg/L 0.00005 0.00025 0.00025 0.00 0.000329 0.000337 2.40 
Nickel (Ni) mg/L 0.0002 0.0025 0.0025 0.00 0.0009 0.00087 3.39 
Phosphorus (P) mg/L 0.3 0.25 0.25 0.00 - - - 
Potassium (K) mg/L 2 1.89 1.89 0.00 2.01 2.01 0.00 
Rubidium (Rb) mg/L 0.00002 0.0013 0.0015 14.29 - - - 
Selenium (Se) mg/L 0.0002 0.00025 0.00025 0.00 0.000059 0.000058 1.71 


Silicon (Si) mg/L 0.05 3.3 3.32 0.60 3.54 3.54 0.00 
1 Relative percent difference (ЕРО) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable analytes (i.e., < detection limit) were calculated assuming a concentration equal to the detection limit. 


Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 


a... Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
Analytes differ by > 20% between duplicates and concentrations are > 5 times the detection limit. 


- No value provided in lab report 
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Table А1.3  (Cont’d.) 


Summer Relative Fall Relative 
Variable Unit Detection Percent Percent E 
Limit Outlet Duplicate Difference ^ Outlet Duplicate Difference 

(%)' (%)' 
Silver (Ад) mg/L 0.000005 0.00005 0.00005 0.00 0.00001 0.00001 0.00 
Sodium (Na) mg/L 2 12.4 12.5 0.80 12.7 12.7 0.00 
Strontium (Sr) mg/L 0.00005 0.122 0.124 1.63 0.127 0.129 1.56 
Sulfur (S) mg/L 7.5 ТЛ 2.63 - - - 
Tellurium (Те) mg/L 0.00001 0.001 0.001 0.00 - - - 
Thallium (TI) mg/L 0.000002 0.00005 0.00005 0.00 0.00001 0.00001 0.00 
Thorium (Th) mg/L 0.000005 0.0005 0.0005 0.00 - - - 
Tin (Sn) mg/L 0.0002 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Titanium (Ti) mg/L 0.0002 0.0015 0.0015 0.00 0.0003 0.0003 0.00 
Tungsten (W) mg/L 0.00001 0.0005 0.0005 0.00 - - - 
Uranium (U) mg/L 0.000002 0.000202 0.000196 3.02 0.000213 0.000215 0.93 
Vanadium (V) mg/L 0.00005 0.0025 0.0025 0.00 0.0005 0.0005 0.00 
Zinc (Zn) mg/L 0.001 0.005 0.005 0.00 0.001 0.001 0.00 
Zirconium (Zr) mg/L 0.00005 0.0003 0.0003 0.00 - - - 
General Organics 
Hydrocarbons, Recoverable (I.R.) ^ mg/L 1 1 1 0.00 1 1 0.00” 
Naphthenic Acids mg/L 1 0.33 0.33 0.00 0.1 0.29 97.44 
Phenols (4AAP) mg/L 0.001 0.0017 0.0014 19.35 0.0018 0.0012 40.00 
Major lons 
Bicarbonate (НСОз) mg/L 5 188 187 0.53 188 188 0.00 
Calcium (Ca) mg/L 0.5 0 0 0.00 49.5 49 1.02 
Carbonate (CO;) mg/L 5 5 5 0.00 5 5 0.00 
Chloride (CI) mg/L 0.5 4.36 4.39 0.69 4.34 4.36 0.46 
Hydroxide (OH) mg/L 5 5 5 0.00 5 5 0.00 
Magnesium (Mg) mg/L 0.1 0 0 0.00 12.7 12.6 0.79 
Potassium (К) mg/L 0.5 0 0 0.00 2.12 2.12 0.00 
Sodium (Na) mg/L 1 0 0 0.00 13.3 13.2 0.75 
Sulfate (SO;) mg/L 0.3 19.3 19.4 0.52 18.7 18.8 0.53 
Sulphide (as S) mg/L 0.0015 0 0 0.00 0.0015 0.0015 0.00 
Nutrients and BOD 
Ammonia, Total (as N) mg/L 0.05 0.05 0.05 0.00 0.05 0.05 0.00 
Biochemical Oxygen Demand mg/L 2 2 2 0.00 0 0 0.00 
Chlorophyll a ug/L 0.01 1.88 1.96 4.17 3.83 3.55 7.59 
Nitrate (as N) mg/L 0.02 0.02 0.02 0.00 0.02 0.02 0.00 
Nitrate and Nitrite (as N) mg/L 0.022 0.022 0.022 0.00 0.022 0.022 0.00 
Nitrite (as N) mg/L 0.01 0.01 0.01 0.00 0.01 0.01 0.00 
Orthophosphate-Dissolved (as P) mg/L 0.01 0.01 0.00 0.01 0.01 0.00 
Phosphorus (P)-Total mg/L 0.001 0.0139 0.0155 10.88 0.0154 0.0184 17.75 
Phosphorus (Р)-Тога! Dissolved mg/L 0.001 0.0062 0.0355 0.0106 0.0089 1744 


Total Kjeldahl Nitrogen mg/L 0.2 0.2 0.2 0.00 0.6 0.66 9.52 
1 Relative percent difference (RPD) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable analytes (i.e., « detection limit) were calculated assuming a concentration equal to the detection limit. 


Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 


____ # Analytes differ by > 20% between duplicates but 1 or both concentrations аге < 5 times the detection limit. 
# Analytes differ by > 20% between duplicates and concentrations аге > 5 times the detection limit. 
- No value provided in lab report 
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Table A1.3 (Сопға.) 


Summer Relative Fall Relative 
Variable Unit Detection Percent Percent 
Limit Outlet Duplicate Difference Outlet Duplicate Difference 

(%)' (%)' 
Total Metals 
Aluminum (Al) mg/L 0.003 0.083 0.073 12.82 0.0698 0.0714 2.27 
Antimony (Sb) mg/L 0.00003 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Arsenic (As) mg/L 0.00005 0.0005 0.0005 0.00 0.00037 0.00035 5.56 
Вапит (Ва) mg/L 0.0001 0.0429 0.0432 0.70 0.0422 0.0419 0.71 
Beryllium (Be) mg/L 0.000005 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Bismuth (Bi) mg/L 0.00005 0.00025 0.00025 0.00 0.00005 0.00005 0.00 
Boron (B) mg/L 0.01 - - - 0.0751 0.0749 0.27 
Cadmium (Cd) mg/L 0.000005 0.000025 0.000025 0.00 0.000005 0.000005 0.00 
Calcium (Ca) mg/L 0.05 46.2 44.8 3.08 45.2 45.3 0.22 
Cesium (Cs) mg/L 0.000005 0.00005 0.00005 0.00 0.000011 0.000013 16.67 
Chromium (Cr) mg/L 0.0005 0.00065 0.00073 11.59 0.00026 0.00025 3.92 
Cobalt (Co) mg/L 0.00005 0.0005 0.0005 0.00 0.00022 0.0002 9.52 
Copper (Cu) mg/L 0.0005 0.0025 0.0025 0.00 0.0005 0.0005 0.00 
Iron (Fe) mg/L 0.03 0.268 0.246 8.56 0.31 0.313 0.96 
Lead (Pb) mg/L 0.00005 0.00025 0.00025 0.00 0.000089 0.000096 7.57 
Lithium (Li) mg/L 0.0004 0.0116 0.0114 1.74 0.0101 0.0101 0.00 
Magnesium (Mg) mg/L 0.1 12.8 13.2 3.08 11.8 11.7 0.85 
Manganese (Mn) mg/L 0.0002 0.0136 0.0133 2.23 0.0593 0.0593 0.00 
Mercury (Hg) ug/L 0.0005 0.00101 0.001 1.00 0.00098 0.00094 4.17 
Molybdenum (Mo) mg/L 0.00005 0.00028 0.00025 11.32 0.000342 0.000361 5.41 
Nickel (Ni) mg/L 0.0002 0.0025 0.0025 0.00 0.00111 0.00108 2.74 
Phosphorus (P) mg/L 0.3 0.25 0.25 0.00 0.05 0.05 0.00 
Potassium (K) mg/L 2 2.01 2.03 0.99 2.04 2.05 0.49 
Rubidium (Rb) mg/L X 0.00002 0.0016 0.0015 6.45 0.00168 0.00157 6.77 
Selenium (Se) mg/L 0.0002 0.00025 0.00025 0.00 0.000052 0.00005 3.92 
Silicon (Si) mg/L 0.05 3.53 3.55 0.56 3.65 3.66 0.27 
Silver (Ag) mg/L 0.000005 0.00005 0.00005 0.00 0.00001 0.00001 0.00 
Sodium (Na) mg/L 2 13.1 13.4 2.26 12.9 12.9 0.00 
Strontium (Sr) mg/L 0.0002 0.14 0.13 7.41 0.126 0.129 2.35 
Sulfur (5) mg/L 0.00001 8.1 7.8 3.77 7.15 7.18 0.42 
Tellurium (Te) mg/L 0.000005 0.001 0.001 0.00 0.0002 0.0002 0.00 
Thallium (ТІ) mg/L 0.000005 0.00005 0.00005 0.00 0.00001 0.00001 0.00 
Thorium (Th) mg/L 0.0002 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Tin (Sn) mg/L 0.0002 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Titanium (Ti) mg/L 0.00001 0.0017 0.0015 12.50 0.00189 0.00192 1.57 
Tungsten (W) mg/L 0.000002 0.0005 0.0005 0.00 0.0001 0.0001 0.00 
Uranium (U) mg/L 0.00005 0.000214 0.000204 4.78 0.000243 0.000224 8.14 
Vanadium (№) mg/L 0.000005 0.0025 0.0025 0.00 0.0005 0.00051 1.98 
Zinc (Zn) mg/L 0.003 0.015 0.015 0.00 0.003 0.003 0.00 
Zirconium (27) mg/L 0.00005 0.0003 0.0003 0.00 0.000295 0.000313 5.92 


1 Relative percent difference (ЕРО) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable analytes (i.e., < detection limit) were calculated assuming a concentration equal to the detection limit. 


Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 


c — — Analytes differ by > 20% between duplicates but 1 or both concentrations are < 5 times the detection limit. 
# Analytes differ by > 20% between duplicates and concentrations аге > 5 times the detection limit. 
- No value provided in lab report 
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A1.1.2 Sediment Quality 


The sediment quality split sample was collected from PZ-1 in August 2018. The RPDs for all physical 
variables, metals, organics, and polycyclic aromatic hydrocarbons were less than 2096. Exceptions to this 
include titanium (21.096), and 4-Bromofluorobenzene (24.9%) (Table A1.4). Although these analytes were 
above five times the detection limit none of these compounds have sediment quality guidelines. Additionally, 
ЕЗ (26.4%, F3(26.4%), F4 (25.6%), and Total hydrocarbons had RPDs above 20% but concentrations were 
less than five times the detection limit (Table A1.4), and did not exceed sediment quality guidelines. 


Table A1.4 Relative percent differences between the PZ-1 and split samples collected 
at the PZ-1 location in the MRS. T'S Lake, August 2018. 


Detection Limit Result 

Variable Units eo ВРО! 

PZ-1 Split PZ-1 Split 
Total Metals 
Aluminum (Al) mg/kg 50 50 5,460 5,390 1.3 
Antimony (Sb) mg/kg 0.1 0.1 «0.1 «0.1 0.0 
Arsenic (As) mg/kg 0.1 0.1 1.77 1.81 2.2 
Barium (Ba) mg/kg 0.5 0.5 38.7 36.4 6.1 
Beryllium (Be) mg/kg 0.1 0.1 0.27 0.27 0.0 
Bismuth (Bi) mg/kg 0.2 0.2 «0.2 «0.2 0.0 
Boron (B) mg/kg 5 5 5.9 6.4 8.1 
Cadmium (Cd) mg/kg 0.02 0.02 0.02 0.024 18.2 
Calcium (Ca) mg/kg 50 50 8,870 8,680 2.2 
Chromium (Cr) mg/kg 0.5 0.5 10.4 9.89 5.0 
Cobalt (Co) mg/kg 0.1 0.1 2.92 2.78 4.9 
Copper (Cu) mg/kg 0.5 0.5 4.41 4.15 6.1 
Iron (Fe) mg/kg 50 50 7,900 7,310 7.8 
Lead (Pb) mg/kg 0.5 0.5 4.02 4.15 32 
Lithium (Li) mg/kg 2 2 6.4 6.4 0.0 
Magnesium (Mg) mg/kg 20 20 2,490 2,640 5.8 
Manganese (Mn) mg/kg 1 1 102 97.2 4.8 
Mercury (Hg) mg/kg 0.005 0.005 0.01 0.0091 9.4 
Molybdenum (Mo) mg/kg 0.1 0.1 0.3 0.3 0.0 
Nickel (Ni) mg/kg 0.5 0.5 7.85 7.29 74 
Phosphorus (P) mg/kg 50 50 137 144 5.0 
Potassium (K) mg/kg 100 100 740 780 5.3 
Selenium (Se) mg/kg 0.2 0.2 <0.2 <0.2 0.0 
Silver (Ag) mg/kg 0.1 0.1 <0.1 <0.1 0.0 
Sodium (Na) mg/kg 50 50 69 70 1.4 
Strontium (Sr) mg/kg 0.5 0.5 24.9 24.5 1.6 
Sulfur (S) mg/kg 1,000 1,000 <1,000 <1,000 0.0 
Thallium (TI) mg/kg 0.05 0.05 0.052 0.05 3.9 
Tin (Sn) mg/kg 2 2 <2 <2 0.0 
Titanium (Ti) mg/kg 1 1 74.6 92.1 


1 Relative percent difference (RPD) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable variables (i.e., < detection limit) was calculated assuming a concentration equal to the detection limit. 


Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 


о Боа Analytes differ by > 20% between station and split samples where one or both results are <5x the detection limit. 
Analytes differ by > 20% between station and split samples where both results are >5x the detection limit. 
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Table A1.4  (Cont'd.) 


Detection Limit Result 

Variable Units ғ--------------І-------------1 ý RPD! 

PZ-1 Split PZ-1 Split 
Total Metals (Cont'd.) 
Tungsten (W) mg/kg 0.5 0.5 «0.5 «0.5 0.0 
Uranium (U) mg/kg 0.05 0.05 0.319 0.322 0.9 
Vanadium (V) mg/kg 0.2 0.2 14.7 14.4 2.1 
Zinc (Zn) mg/kg 2 2 11.5 11.4 0.9 
Zirconium (Zr) mg/kg 1 1 9.6 9.7 1.0 
PAHs 
1-Methylnaphthalene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
2-Methylnaphthalene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Acenaphthene mg/kg 0.005 0.005 «0.005 «0.005 0.0 
Acenaphthylene mg/kg 0.005 0.005 «0.005 «0.005 0.0 
Acridine mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Anthracene mg/kg 0.004 0.004 «0.004 «0.004 0.0 
Benz(a)anthracene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Benzo(a)pyrene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Benzo(b&j)fluoranthene mg/kg 0.01 0.01 <0.01 <0.01 0.0 
Benzo(e)pyrene mg/kg 0.01 0.01 <0.01 <0.01 0.0 
Benzo(g,h,i)perylene mg/kg 0.01 0.01 <0.01 <0.01 0.0 
Benzo(k)fluoranthene mg/kg 0.01 0.01 <0.01 <0.01 0.0 
Biphenyl mg/kg 0.01 0.01 <0.01 <0.01 0.0 
C1 Acenaphthenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C1 Benz(a)Anthracenes/Chrysenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C1 Benzofluoranthenes/Benzopyrenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C1 Biphenyls mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C1 Dibenzothiophenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C1 Fluoranthenes/Pyrenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C1 Fluorenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C1 Phenanthrenes/Anthracenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C2 Benzofluoranthenes/Benzopyrenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C2 Biphenyls mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C2 Dibenzothiophenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C2 Fluoranthenes/Pyrenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C2 Fluorenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C2 Naphthalenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C2 Phenanthrenes/Anthracenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C2 sub'd B(a)A/chrysene mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C3 Benzanthracenes/Chrysenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C3 Dibenzothiophenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C3 Fluoranthenes/Pyrenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 
C3 Fluorenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 


C3 Naphthalenes mg/kg 0.04 0.04 <0.04 <0.04 0.0 


1 Relative percent difference (ЕРО) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable variables (i.e., « detection limit) was calculated assuming a concentration equal to the detection limit. 
Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 

pw THER — — Analytes differ by > 20% between station and split samples where one or both results are «5x the detection limit. 


Analytes differ by > 20% between station and split samples where both results are >5x the detection limit. 


Mrs. T's Lake Monitoring Program A1-14 Hatfield 
2018 Technical Report 


001090 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Table A1.4  (Cont’d.) 


Detection Limit Result 

Variable Units —————————————— ВРП! 

Р2-1 Split PZ-1 Split 
РАН$ (Cont'd.) 
C3 Phenanthrenes/Anthracenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C4 Benzanthracenes/Chrysenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C4 Dibenzothiophenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C4 Fluoranthenes/Pyrenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
C4 Naphthalenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
СА Phenanthrenes/Anthracenes mg/kg 0.04 0.04 «0.04 «0.04 0.0 
Chrysene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
d10-Acenaphthene % 1 1 83.5 93.3 11.1 
410-Рһепапїһгепе % 1 1 82 92.1 116 
d12-Chrysene % 1 1 89.1 99.3 10.8 
d8-Naphthalene % 1 1 77.4 91.4 16.6 
Dibenz(a,h)anthracene mg/kg 0.005 0.005 «0.005 «0.005 0.0 
Dibenzothiophene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Fluoranthene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Fluorene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Indeno(1,2,3-cd)pyrene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Naphthalene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Perylene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Phenanthrene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Pyrene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Quinoline mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Retene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
Physical Variables 
% Clay % 1 1 20 20 0.0 
% Clay (<2um) % 1 1 8.3 5 49.6 
% Moisture % 0.5 0.5 31.3 25.3 
% Sand % 1 1 59.8 61.8 3.3 
% Запа (2.0mm - 0.05mm) % 1 1 68.6 69.9 1.9 
% Silt % 1 1 20.2 18.2 10.4 
% Silt (0.05mm - Хит) % 1 1 23.1 25.1 8.3 
Inorganic Carbon % 0.05 0.05 0.355 0.319 10.7 
Inorganic Carbon (as CaCO; Equivalent) 96 0.4 0.4 2.95 2.66 10.3 
Texture - - - Sandy loam Sandy loam - 
Total Carbon by Combustion % 0.05 0.05 1.06 1 5.8 
Total Organic Carbon % 0.21 0.05 0.71 0.681 4.2 
Organic Compounds 
1,4-Difluorobenzene (SS) % 1 1 82 91 10.4 
2-Bromobenzotrifluoride % 1 1 78.9 77.1 23 
3,4-Dichlorotoluene (SS) % 1 1 77 88.4 13.8 
4-Bromofluorobenzene (SS) % 1 1 73.6 94.5 (7 249 


1 Relative percent difference (ЕРО) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable variables (i.e., « detection limit) was calculated assuming a concentration equal to the detection limit. 


Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 


PT pee ge 


Analytes differ by » 2096 between station and split samples where one or both results are «5x the detection limit. 
Analytes differ by > 2096 between station and split samples where both results are >5х the detection limit. 


Mrs. T's Lake Monitoring Program A1-15 Hatfield 
2018 Technical Report 


001091 


== 


Document Ке 


Table A1.4  (Cont'd.) 


Detection Limit Result 
Variable Units | ПРО 
PZ-1 Split PZ-1 Split 
Benzene mg/kg 0.005 0.005 «0.005 «0.005 0.0 
Ethylbenzene mg/kg 0.01 0.01 «0.01 «0.01 0.0 
F1 (C6-C10) mg/kg 10 10 <10 <10 0.0 
F1-BTEX mg/kg 10 10 <10 <10 0.0 
F2 (C10-C16) mg/kg 20 20 <20 <20 0.0 
F2-Naphth mg/kg 20 20 <20 <20 0.0 
F3 (C16-C34) mg/kg 20 20 23 30 26.4 
F3-PAH mg/kg 20 20 23 30 26.4 
F4 (C34-C50) mg/kg 20 20 34 44 25.6 
F4G-SG (GHH-Silica) mg/kg 500 500 «500 «500 0.0 
m*p-Xylene mg/kg 0.05 0.05 «0.05 «0.05 0.0 
о-Хујепе mg/kg 0.05 0.05 <0.05 <0.05 0.0 
Toluene mg/kg 0.05 0.05 <0.05 <0.05 0.0 
Total Hydrocarbons (C6-C50) mg/kg 20 20 57 74 26.0 
Xylenes mg/kg 0.1 0.1 <0.1 <0.1 0.0 


' Relative percent difference (RPD) = (difference between sample 1 and 2)/(average of sample 1 and 2) x 100%. RPD for 
undetectable variables (i.e., « detection limit) was calculated assuming a concentration equal to the detection limit. 


Precision is influenced by how close the analytical value is to the method detection limit. Thus, assessing percent mean 
differences is valid only for analytical values that are at least five times the detection limit. 


# Analytes differ by > 20% between station апа split samples where one ог both results аге <5x the detection limit. 
# Analytes differ by > 20% between station and split samples where both results are >5x the detection limit. 


Adherence to the SOP and conformance to the laboratory QA/QC protocols resulted in the conclusion that 
sediment quality data met the data quality objectives for the program. 


A1.1.3 Sediment Toxicity 


Sediment toxicity reports from Maxxam Analytics indicated that samples from the MRS. T'S Lake were 
received in good condition and Hyalella and Chironomus testing was initiated on September 25, and 
September 13", 2018 respectively, within the six-week hold time. For Chironomus, the mean survival and 
mean dry weight in the controls were above the acceptable values of 7096 and 0.6 mg/g, respectively. The 
mean percent survival and mean dry weight of the controls for Hyalella were also above acceptable levels 
of 280 % and 20.1 mg/amphipod. Reference toxicity tests conducted by Maxxam as part of their quality 
assurance protocols indicated that all reference protocols and test criteria for both Hyalella and Chironomus 
test organisms were met. 


Adherence to the laboratory sampling, shipping and QA/QC protocols resulted in the conclusion that 
sediment toxicity data met the data quality objectives for the program. 
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модем [e231u428] 8102 
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8190 Е 91,20 66: Z - LLS L 5 2120 = 54/0 AAA) = LE 
2290 896 0 6/10 5962 088 | 5997) 550% 9920 = 2250 ХАЙ!) AAA 05 
229'0 986 0 2110 |6872 086) 918 226% 12740) = 22/0 52/0 ezto 6c 
9790 о 4910 £60 € 98/7) 0/6 (28% LLZO 8810 6910 56/0 ДАЙ) 8c 
7990 2207 АА! 49076 86/0 vic 622€ 96:'0 160 25/0 ето ДАЙ) 22 
990 РРО | 5510 е? 5,70 0622 297 58/0 96-0 8910 %/0 6010 9c 
0/90 4907 #90 902 1210 09r'c t08€ 92/0 5000 79/0 Wo 90 Sc 
9/90 66071 621,0 IL 92120 2892 vole 02,0 9610 09/0 AAA 4280 ve 
2290 Ре, | 2410 8/€l 008'0 6cec 18vt $110 vozo 4SVO 05/0 22.0 ez 
7290 у | 9-0 £90 | 0580 941$ 89L'€ 59/0 96-0 8910 5-0 60-0 ec 
2990 6911 РО 9260 0%6 0 ЄӨє`Є 405% 910 ?/С0 5-0 97/0 20-0 12 
2990 691 | 2910 c66 0 6€0l cco'€ 108 AAA) 9000 “0 67/0 2-0 0c 
9790 ву 06-0 89/1 КАЙ 968'€ 8/2} 89/0 6/10 95/0 «SVO 8600 6! 
8690 Scil 0/20 егей 82/1 002% 5560 25/0 %9/0 09/0 М0 volo 8, 
2590 6907). 48.0 966) LZZ L 405% £970 ГАЛ) OSLO S10 2110 9cVo ZL 
929'0 186 0 8920 уге AA LES + 5590 67/0 75/0 85/0 59/0 20 9) 
6690 2680 Orco 8502 022, 9025 £190 £SL0 5-0 бе о 95/0 80,0 5) 
7990 08/70 2620 892 2 veel 9199 090 0910 5510 LELO $510 cio vl 
2190 2290 0/0 8692 у5о | 750`9 11770 29/0 60 27/0 $570 LO еі 
%690 5860 6970 960 2860 v6c 9 29€ 0 УД!) 9/0 Srl oO ето 50/0 сі 
06/70 9190 0770 eZee 996'0 799 90 98/0 LELO 27-0 Єў 0 ELLO LL 
29/0 9170 с6ӯ'0 7995 8/60 2189 0/20 56/0 1210 5/0 AAA) О OL 
908'0 coco 1260 9282 0207 0289 8640 9020 92/0 ЕО 14220 600 6 
858`0 2520 6790 5676 7071 08/9 2520 9020 АЖ!) velo 6010 РГО 8 
998'0 8520 570 660% ссі 2699 2820 86/0 6-0 96/0 6010 ezto 2 
680 6900 2980 220% 0807 оғ 9 2920 £610 12,0 26-0 90/0 velo 9 
5060 89020 6007 498% 90% 9909 8620 28/0 ЄЄ 0 82/0 co 0 S 
060 820 А 1992 cot 5615 5520 28.0 evo AAA 90/0 AAA V 
S06 0 6620 сер еге 8807) 805% 2220 98/0 УГО LELO co 82/0 $ 
6260 1620 0/97, 9692 8414 976% cec 0 58/0 9/0 82,0 РО veL О [4 
9v6'0 2920 0881 0622 8c£ | 622% 0520 28/0 28-0 LELO биго су 0 | 
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260'0 - W = 2000 
90/0 8070 2200 +66 0 2000 
О 790`0 5/00 6/60 2000 
2250 65070 6/00 286'0 9000 
2250 4700 78070 £66 0 5000 
РО 9v0'0 68070 26071 7000 
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2200 87070 VOLO 9cc t 700`0 
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110'0 19070 6vVO 5070 = 
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LL'O 95070 96/0 90 Е 
£cVO 290'0 6020 £400 Е 
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WO и 991 5000 = 
ezt oO W 292 | 5000 = 
zot oO W 6507 9000 = 
Атг әипг Aew judy youew 


оооооо»оо»оооооооооооооооооо 


0 


Клеплаоз 


оооооооо-оооооооосо-оооооооооооооооовово 


0 


о 


0 
0 


Апеа шпшхеу 
џгоу 
Ájreq шпшшу 


ооооооооооооооооооооооооооооооооо 


ооооооооооооооооооооооооо-оо-оооо 


Клепирг 


LE 
0€ 
6c 
8c 
26 
9c 
Sc 
ve 
£c 
[44 


о e 
NN 


orn со + 10 © М о о 
err ч= wr 7 Se v v v 


о 


v сч со + i0 о ~ с 


1949994 зәчшәлом 


(5/;ш) eB1euosiq чеэи 


> 
© 
а 


'џоцешјоји | e 58202 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу uoneuuoju| 
0} Sseooy EU} лэрий peseejes јџиешпоод 


“ӘДЕ S.L “SUN ‘L-91 чопеј5 10; эблецоз!р Ájrep џеош 8102 ссу aiqel 


960100 


pyoday |еэ1ицэ1 81027 


решен €-ZV шелбола бимоџиоуџ 2427 5,1 ‘SIN 
0 0 0 2200 0 ЕКО = * = В = = Ájreq wnwixew 
0 0 0 2000 0 9200 = = > = = = чеги 
0 0 0 0 0 0 = = = г т = Киеа winwiuiw 
0 г 0 0 : 0 = Е = = Е = LE 
0 0 0 2000 0 0 0 - = - B 3 0€ 
0 0 0 800 0 0 0 0 = * = ы s 6c 
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160100 


модем јеэгицэә 8102 


ргошен ӯ-2ү шелбола биџмоџиоуј 2427 5,1 ‘SIN 

"poued 1поЦ-р2 e лэло suone^eje eoeyns зәјем эдпиш-с | jo эбелэле эц} se pejejnojeo эле ѕиоцеләјә 1э}ем иеэш Хед `ѕиоцеләјә svens 1э}ем эцероэб эле зепјел :SƏJON 
6124/2 62 112 066772 562820 628772 2057872 176 922 ЕРО 27/0 40€ LZZ 202 LZZ 562172 022172 Ájreq шпшхеџ 
869772 Р/9 112 9,9772 veo sz 999' 1172 801 822 892 ele 8LG LZZ LoT LLZ OEZ LZZ VLZ LLZ LoL LZZ чеэи 
086`//С 629 112 9бу 112 8177222 |86772 80Е 2/0 290'212 cce 116 CLL УТА Lvl КА vSV 2C 807122 Киеа шпшішіуі 
809772 = 0265272 6/6 2/0 = 46/1412 > 620222 > LZZ LZZ 98112 2 LE 
866772 289774 075722 уво ' 822 6287272 85/77/22 |%6 9/2 0%02/2 P ZOE LZZ LZZ LLZ v6L LZZ 0€ 
69772 924/0 OLS ZZZ VEL Ble 9Ӯ2 116 108' 222 899 972 020 212 $ РА ДУХА 68L LZZ YOZ LZZ 6z 
969 112 022 212 96v 212 €£91'8/c 9292/0 08772 872 9/2 е?072/2 LOE 112 LZZ LZZ 672172 921/14 8c 
629'112 Sel 112 96v 212 098/2 609' 112 vr8 272 616572 £96 LZZ 082 LZZ 892 LZZ 62122 022122 22 
509772 2877220 ves 216 GLL'82c |86272 288720 9999/2 826 LZZ 220122 982 LZZ 96114 807122 92 
9722 ZZL 115 9,6722 90872 985772 268722 201 922 |88122 LZZ LZZ 292 112 vO? 112 16 LZZ Sc 
9,9772 621 112 204220 2167222 209722 826772 CEO 7/0 498 LZZ 172 LLZ OEZ LZZ (0) 74774 921 ХА ve 
209722 bel ZZZ LZS ZZ 528720 229226 896`//2 РОГ YZZ 222774 220122 922 LZZ АХАХА [2722 £c 
969 122 992/0 89 112 2877222 629272 70872 у99 Ele 269 LZZ ObZ LZZ 6vc 112 [24714 GLE LL? [44 
559774 69/77/22 967272 8122/0 ўїў9`//С cS0'8/c 89: 212 ZOZ LZZ 662172 620172 292 112 (ДУХА Le 
|66722 ?6/222 906772 9277222 699772 650872 906 2/2 9,9772 GEZ LZZ 992 112 02172 vel lle 0c 
1097722 2877222 8762770 2827220 5/92722 560872 869272 9871272 892 122 220.42 LZZ LLZ 6EL LZZ 6L 
9v9 772 68/77/72 696772 с8772 077222 8518156 529222 9% 1/2 ара LZZ 602 122 962 112 62 LZZ 8, 
286222 YSL 116 у99 212 0/87/72 2077222 661 82c 019/0 До духа 292172 DIS 774 220.22 6cV LZZ 244 
286222 #2222 1964/2 2887222 004222 852'8/2 огр 222 222 122 ESZ LZZ 961/42 02122 Cel LZZ 9; 
259222 0277220 0197772 866272 2077222 LLE'82c ПО ЖАКА YLT LLZ LLZ LZZ 89: 112 922120 ДУХА SL 
089' 112 969' 112 £498 44C 266222 979772 962872 VLE cc OSZ LZZ 627 1125 922 LZZ VSL LL2 921 112 143 
809772 869770 656722 670 812 2897222 00ғ 8/2 292222 492122 260122 950172 6562172 12120 £L 
£8977c 829772 9667272 9,9872 099° 222 9ЄӮ'82с 124774 272 115 241 LLZ vel LZZ vec LL? ДУХА cL 
264222 6292770 879 212 89182 629 112 vvv 8/5 ДАЛА EZZ 115 EZZ LLZ 620172 РУДИ УХА 921 LZZ LL 
ус9 112 099'112 |69722 56/:982/2 966722 99872 261 212 882 LZZ 560122 860172 РЕС LLZ КАМТА OL 
69974c 289 216 299'11% 622872 0197772 с9ғ 8/2 28/222 280172 LLZ LZZ 9EZ LZZ 802122 ZEL LZZ 6 
у29 112 099 77c 289272 66298272 с%9272 2058272 297222 2202122 LEZ LZZ 492 115 cLV VC АУТА 8 
2027220 625272 АЛЛА 562822 079272 55% 8/2 ААДА ГА САУДА 892 LZZ YSZ LLZ 861 LZZ 921 LZZ 4 
6022/2 1у9'222 921 115 022'822 6Є9`//2 t9v'8/c 1012/2 290172 092 LZZ 602 112 891 122 821 LZZ 9 
8022/2 969 112 092'11% 612822 829'112 еор'822 GSI ZZZ 870122 922 LZZ 1412774 692 112 Zeb ble 8 
089772 976770 |87722 502872 2197222 LOE 8/2 GEL КА LOZ LZZ v9c LLZ русе LLZ O91 122 821 LZZ у 
67222 266222 098°222 SvV'84c 659772 Sv0'84c 201 212 9vc LZZ 16V LZZ 810122 26126 OEL LZZ $ 
819 115 0SS74c 988 22 210'822 2997272 tv9 44€ LOL ZZZ eve 172 9202122 LLZ LZZ %02122 121 112 © 
8,7222 9762272 066722 796,772 2697222 802 112 90/2 6580122 860172 LGL LZZ 202122 vel ble L 
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'poued 1nou-pz e 1810 ѕиоцеләјә eoeyns зәјем ејпшш-с | Jo әбеләле ay} se рејејпојео эле ѕиоцеләјә зәјем иеэш Кед 'зиопелаје svens зәјем оперогб эле зепјел :SeyoN 


152 212 184/0 896 212 9/84 208 116 227820 957 2/0 202/2 2192/2 897772 819772 897772 Анеа шпшихеуі 
2297222 9697722 209 115 0ÿ0'82c 799770 20822 052/0 АДАЙКА 2197722 2197222 2197222 2197222 чеэи 
8Є9`//С 9у9' 2/0 808' 212 CEZ LZ #09`//С cce LLZ 821 ZZZ CLZ LLZ 219722 2197222 21972220 2197222 Кпеа шпшішиі 
869720 = 565720 200820 = ? й 902" 112 2 2197220 2197222 = LE 
1794/0 891 112 ЖАЗАРДА 160'82c 208 210 2227226 РС lle 206722 Б 2192/0 819222 2197222 05 
РР9 212 792 116 YLS 4/0 prLl'82c 9277220 96/77/22 122210 862 112 = 4191/2 819222 2197222 6c 
879 115 427226 809' 272 941845 994/0 208 LLC 800220 662772 E 2197222 819772 2197222 8c 
|69772 9777222 0194/2 291822 0197772 278220 09144 822/0 219720 2197220 89722 297222 22 
99/0 |87722 YLS ZZZ 201'822 709772 2287222 821 112 TZ LLZ 2192/2 2197220 89772 2197222 92 
99972c 2877220 819 77c 8667272 809772 5062772 662772 9122/2 219222 2197220 897772 297222 Sc 
9899 115 961 112 269 1106 668722 029772 /#6 220 ble 44€ 212210 2197222 2197222 21497222 2197222 ve 
899 112 208'222 269 116 608`// уЕ9 116 |86722 266722 АЛАЙТА 2197722 21097220 2197222 2197226 ес 
959772 0/87/72 6194/2 292/0 979772 910872 99Ӯ 720 9122/0 219222 2197222 2197222 297222 сс 
1221% УРДУ 184/0 9292/0 ZEL LLZ £9977c Sv0'8/c бер 212 vee LLZ 2197722 2197220 2192/2 2497222 Le 
169`//2 £1874c |66772 094742. 189772 6/0 872 692 112 022 44€ 2197222 219222 2197222 2197222 02 
279222 218 Llc 8Є6`//С 682 112 5697722 811846 880722 ғ 219222 2197222 2197222 2197722 6L 
КА 908 222 9ўС`//С Lee ZZZ 90724c 8918/2 [АДАШ КА - 2197222 2197220 2197222 297222 8L 
РР9 4/0 7612 2/0 999 212 948220 142/0 861842 6122/2 = 219722 2197222 297222 2197220 11 
692722 427222 с9527/2 66722 O12 222 бес 822 21220 = 4094/5 2197222 297222 2197222 9L 
бр9 112 922 116 29/0 962/0 969722 980870 202222 Е 219720 2197222 297222 2197720 SL 
999' 112 669722 £89 ZZZ 80872 0/97/22 VEE Ble 261 ZZZ Е 2197226 2197222 21497222 897772 v 
£99° 222 999' 112 869 116 570872 059772 L8c'82c c8V44c = 219222 2197222 2197222 2197722 £L 
6279272 LEQ lle CLO 2/0 2822 829 212 ccv 826 281 216 x 219222 8197772 2197222 2197720 сі 
589772 972202 069772 $81845 ЄЄ9`//2 05% 8/2 6814/0 5 2197222 2197222 2107222 2197222 LL 
969° 222 06S 222 679 212 6520820 869772 59820 961 ZZZ x 219222 2197222 20497222 2197222 0L 
4077222 6865772 69977c 672822 ГА УРА 02v'8/c Clo LLZ x 2497272 2197220 4197222 2497222 6 
9124/2 0/67/72 269222 592:8/0 9697722 2299820 6222272 = 21497272 2197222 2197222 2497722 8 
65227226 0/67/72 6144/0 946845 5697720 297820 970220 = 21972206 2497222 2197222 2197222 2 
827/0 0/57/22 6ғ/7220 42872 5097720 ¿vv 822 |60222 = 2197222 2197222 2419222 2197222 9 
1£444c 6992/0 782 116 Рӯс 8/0 194/0 207872 Lye lle - 2192/2 2197220 4197222 297222 © 
922 115 496222 287720 £61822 = 8928/2 LEZ ZZZ 2 21497272 2197222 2197222 2197722 v 
6£424c 96722 9987772 6822 = 9руб 112 082/0 = 2197222 21972220 419222 2497722 € 
1122774 699 1156 56772 8609872 2 у89 lle bye 220 = 2197220 2197220 497222 8/97/70 © 
152 112 ор9' 172 896 2/2 862/2 = 208210 6270222 E 219222 2197222 2197222 897722 | 
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791 116 228 116 926722 9828/0 006 222 9/78/06  OCL82C 282/0 9822/0 008°222 Sv8 116 268 172 Ajeg шпшхеџ 
£4974c 8122/0 9,9772 650872 089222 %9/876 878 212 871 116 291 116 2677222 CZS LLZ Sc8 44c џеои 
229'172 |86722 ДУХА 821 116 2097722 Spl lle 669772 £1244c 9922/0 821 116 S62 116 98/77/72 Киеа шпили 
$59115 = 296222 9607872 = 627220 = с5/7222 = 8212 125 5622722 = LE 
veg lle 192'112 LYS 146 ZOL’ 82c 6722 5//220 cV84c 292 210 - 264 44c 261 115 928" 112 0€ 
869772 29/22 pS lle 9GL'82c ves 116 208' 172 7812 £V444c = 162 2112 664 216 978' 112 6c 
CVO LLZ 921 116 CEG LZ 881845 LoL 7226 128'242 6808/С 821 115 2912 110 781 lle 808 1126 298 112 8c 
979 172 1822/0 YLS ZIZ 18822 5697272 998777 670870 LCL LLC 99/`//С 8/`//С VIS 2/0 7827270 22 
279222 98/77/02 6154/0 £cL'82c 809 222 988777 9/08/С 8,7722 227226 98/77/20 28722 $64 44c 9c 
59722 с6/2722 8292/0 /20'822 209722 %16720 608/0 9122/0 921 116 162 112 58770 8772 Sc 
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sjueuoduio? ээив|ея лојем 


(сш) seuinjoA Ареа 


'иоцешоји | e 58022 | 116101 e| эр 
прәл ue епбјпмр јџиешпоод / зо uone wozu] 
0} Sseooy EU} Jepu() peseejes јиешпоод 


('p3uo2) 8'2у ајде] 


90LL00 


модем [8210428 | 8102 


ргошен £L-2v шелбола бимоџиоуј 9487 5,1 "SIN 
0 8511 0 0 795 9881 vee eel 8LOZ-Idy-LL 
0 S09 0 0 4121 CLLL 01962/ 8LOZ-1dy-0L 
0 9vt 0 0 8675 2806 £69'724 8102-1dv-6 
0 сер 0 0 %00/ 2259 597 %2/ 8LOZ-1dy-8 
0 сер 0 0 ГАЗА 2561 297212 802-9у-/ 
0 Zev 0 0 0618- 2298- 2205,2 8LOZ-1dy-9 
0 сер 0 0 8175 9862 192'€z4 810-20ү-9 
0 се? 0 0 2299 L6LS 058'61/ 810-20ү-ӯ 
0 [432 0 0 071 292- ЛА ДУЛ 8LOZ-1dy-€ 
0 cer 0 0 8779 9109 490712 8102-dv-z 
0 819 0 0 1719 8206 809704 8LOZ-Idy-L 
0 909 0 0 2581- c9vc- 298'10Z 810c-JeW-L€ 
0 S09 0 0 71658 69/2 612'€04 810c-J€W-0€ 
0 S09 0 0 1385- 98vv- РРЕ'00/ 810с-1еу-6с 
0 815 0 0 9SYEL 8262 | Scc #01 810c-J€W-8c 
0 Zev 0 0 0817 87/5 692'069 8102-48€W-Z2c 
0 9vt 0 0 4876 125: 685'989 810c-J€W-9c 
0 9vt 0 0 9/65 0595 20/249 810c-JeW-Sc 
0 9vt 0 0 71981 8228! 22/29 8L0c-JeW-vc 
0 976 0 0 9978 0218 655 %59 802-ей-с2 
0 976 0 0 Leve- 2810- 290' 979 810c-JeW-cc 
0 9vt 0 0 УАН (4434) vas'8r9 8L0c-JeW-Lc 
0 [43 0 0 79405 65505 908'559 8105-1е/-06 
0 0 0 0 1229 1229 290'219 8105-1е/-61 
0 0 0 0 9101 9101 15/'909 810C-IEN-81 
0 0 0 0 [УДА егісі 559665 810c-J€W-ZL 
0 0 66c 0 8891 1884 ©8ў'/86 8102-IEN-9L 
(sndyno moy (sndui (uoneuode^3 (ебелој5 эхе] (enpisei 
ээерп$ |-20) мор әдеп L-91) ӘУЕЛ) (uoneydioe14) шәбиецо) зејемриполс)) 
moy "n 3 d белу мо Ме) - “MO әхет ads 


'џоцешјоји | e 58202 | Jns 107 e| эр 
прәл ue епбјпмр јиешпоод / оу чоцешоји! 
0} Sseooy EU} лэрий peseejes јџиешпоод 


sjueuoduio? ээзивея лојем 


(G 


ш) зешпјол Ájreq 


(радио) 8'2у әде 


201100 


модем |еэ!1ицээ1 8102 


ргешен ?І-2У шелзбола биџшоџиоуј 2427 5,1 "SIN 
ААД? 22179 6071 6/1 08202 92602- 6/Є'ЕЄР'С 8L0z-AeW-8 
89501 556/11 6071 0 860p- vYSc0Z- 66S'zLv'z gLoz-Aew-2 
LEEG 981901 6071 0 61692 99#69- 469'9Lv'c 810с-еуі-9 
1414 06222 | 6071 0 10227 80098- 81/706С4 8L0z-AeW-S 
©ўбЄ 82099 6071 9871 LZLLZ cSVL8- LVO'ere'z 8L02-ÁeW-v 
98 719551 бор, 0 015/81 6265 968'972 2 8L0z-AeW-€ 
0 $11801 бор, LLL 421484) 60975 225680% 8/02-Хейі-2 
0 62606 6071 |92 929294 [2722 СсРО8Рб | 8L0Z-AEN-L 
0 28898 268 0 [43221 29901- 99+'082'L 8L0Z-Idy-0€ 
0 98578 168 0 09798 1921 560907. 8105-29-65 
0 15678 468 0 өрсе 1196 S8S‘0z9'L 8102-19у-82 
0 66/68 468 0 v49S8 9/6 0Р0'09'/ 8102-20ү-/2 
0 16968 168 0 29011 22812 99L'LZY'E 8102-19у-92 
0 69986 268 0 98870! ен £b9'OLE'L 8105-19-65 
0 966501 268 0 бе | | 1168 892'9502 | 8,0с-20ү-ӯс 
0 66296 268 0 60916 2682- Z18'160'L 8105-19-65 
0 ©8868 268 S04 01576 1288 8060007. 8/02-19у-22 
0 80021 268 0 01/16? LOOEZ- 862'S06 8LOZ-1dy-LZ 
0 19085 268 0 29082 LOL6L- 289'9S8 8L0z-1dy-07 
0 19197 468 0 SOLEL 9CLLE- уе9'818 8102-19у-6), 
0 26672 468 0 75905 LOSEL- 097'508 8105-29-81 
0 02892 268 оси 66861 АТАЙЛЫ 926 782 8LOZ-1dy-21L 
0 70505 0 0 £8cc Lc08L- 050'69/ 8105-29-91 
0 88971 468 0 BAT 0572 271'991 8105-19-61 
0 2200, 168 0 9vi8 086- 50%06/ 8L02-dy-y | 
0 2069 0 0 |826 9206- 09€'zvZ 8105-19-61 
0 СЕ 0 0 7985 [АХА 6/0'6Є/ 8L02-1dv-z |. 
(s}ndjno moy (sindui (uoneJode^3 (eBe10js әуел (enpisas 
eogyns |-20) MOY әдеп |-21) 9ye1) (uoneydi9814) ul әбиецо) зејемриполс)) 
moy "nm 3 d збеојвуу "eMe - “MO oye] die 


'џоцешјоји | e 58002 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 
0} Sseooy EU} лэрий peseejes јџиешпоод 


sjueuoduio? ээие ея ләҙем 
(с-ш) вәшпіод Aea 


('p3u02) g'zv ајде] 


801100 


модем je21u429| 8102 


ргешен SL-ZV шелбола биџоџиоуј 2427 5,1 ‘SIN 

0 8587 [2:747 0 8129- 9026- І5%60%2 8,0с-чпг-є 

0 7819 194] vc9 ZOv€L- £9v41- 624'660'z 8L0c-unf-c 

0 0555 194] v6 15081- Vc6Lc- QEL'EL LZ 810б-чпг-} 

0 5/86 6071 0 ZSS6- есор|- 48V 1€V'c 810z-AeW-LE 

0 1229 6071 0 6716 1- £SStc- РУОР 8L0Z-AEN-0€ 

0 0879 бор, 0 0 L20G- 98t'091'z 8102-AeW-6c 

0 9289 бор, 0 £4661- 06292- 98709172 8102-еуі-82 

0 8921 601 0 [44:74 Z69EZ- 6Sr'081'2 8/02-Кей-22 

0 069/ бор, Levi 922%- LEvel- 505'86 °С 8L0z-AeN-97 

0 2218 6071 0 21141- 62822- 6205022 810c-AeW-Sc 

0 9218 бор, 0 60261 - 92592- Sv V'Ozc'c 8102-AeW-vc 

98 8176 бор, 0 8EEZZ- 09202- 7566622 802-<ей-е2 

975 60/0! 60ÿL 0 с5981- 2007/2- 6691922 8/02-Хей-22 

169 2290! 6071 0 9Svt- 286: L- 9рс0822 8102-Кей-12 
69ÿL BLELL 6071 0 02821- OLE9C- 208' 282 2 8102-AeW-0c 
есес 96051 бор! 0 89912 LL66C- ©49'10Є'© 8102-AeW-61 
OLLE у2821 607 0 ус92| 0226 622 202 c 8L0z-Aen-8L 
6296 85151 6071 0 46ўўб- 96155- 909'502 2 8102-AeW-/ |, 
vecv 88971 6071 0 880cc- EELLE- ZOL'OEE'Z 810z-Aew-91 
[1222 92191 бор, 0 6929 2192- 061'292 2 810z-Aen-GL 
2192 75691 бор, 0 LTSE+- GESLS- L€6'Sve'c 8102-AeW-v | 
v6c8 85081 бор, vse ZELSL- 9/860- 9Sv'68€'c 8102-AeW-EL 
60101 76061 бор, 0 69ЄЄ- Sv60L- 969'РОР 2 8102-AeW-zL 
Сер ©4861 6071 0 SLOOL- 97221- 96702 8102-AeW-LL 
бӯ ДА бор, 0 282! Leel- 616 2172 8102-Аеуі-0/ 
ІР 09576 60ÿL 0 28991- Lyese- 2699,2 810z-Aen-6 

(s}ndjno moy (sjndur (uoneuode^3 (eBe1ojs эче] (јепргзој 
eoeyns |-90) MOY әдеп |-21) 9ye1) (иоцеџаюоәла) ш әбиецо) зејемрипојс)) 

тег) "n 3 d Әбеу "eM - MO oye1 РЯ 


'џоцешјоји | e 58202 | Jns 101 e| эр 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 
о) Sseooy EU} лэрий рэзеэем јџиешпоод 


sjueuoduio? ээзив|ея лејем 


(сш) зешпјол Айға 


(p3u02) 8'2у эает 


601100 


модем [e231u429| 810г 


рјошен 91-2 шелбола биџоџиоуј 39487 5,1 "SIN 
0 0555 154, 989 58615 02922 9ZZ'SEL'Z 8L0c-unf-ec 
0 6/67 192] 0105 У9162 92212 EGZ'EOL'Z 8L0c-unf-gc 
0 1907 1941 28211 8022 | 5881- 621 7102 8L0c-unr-Zc 
0 7165 192] 888 УДА у829- 264902 8102-Чпг-92 
0 1907 192] 1557 %269- 0%9С1- %60%90%2 8L0Z-unr-çz 
0 Lvly 194] 0 9601 - LSEEL- 290170% 8L0c-unf-vc 
0 Ozer 1941 LLL 088- 0292- 820'280'2 8L0c-unf-ez 
0 ебру 194] 9202 8199- S€vci- 606 280% 8102-Чпг-22 
0 9997 1941 0 2601 L- 4007|- 4©5'680'© 8L0c-unf-Lc 
0 5067 1541 0 v49c- 4789- 619002 8L0c-unf-oc 
0 8605 194] 0 6291 L- овбр|- 26220: 2 810Z-unr-61 
0 0/25 192] 0 6?/- 696<- 266772 8L0c-unr-g, 
0 2864 194, 0 668 2022- L8e'SLL'z 8L0c-unf-Z| 
0 0/04 154, 0 ZvV€- 9999- саРР С 8Loz-unf-9Ļ 
0 8606 192] 0 16851 144547) 02921 1'2 8102-чпг-& | 
0 8587 192] 0 7901 785/ 62120 2 8L0c-unf-r , 
0 6/57 1911 655 6?5<- 9049- 890<60%2 gLoz-unf-€, 
0 9077 192] ELES 80/51 07/5 2199602 8L0c-unf-c |. 
0 Ozer 192] vel одру 1910, 6062802 8L0c-unf-| | 
0 90tv 192] evel 8L19- 91001- 6vv'890'c 8102-ипг-0/ 
0 terv 1921 0 9/0ғ1- 81891- 995 7202 8L0c-unr-6 
0 6/57 194, 0 788 9Ӯ61- €v9 8807 8L0c-unr-8 
0 6/6ў 192] 0 2022 129- 69/'/80'z 8LOc-unr-/ 
0 ебру 194) 197 veel- 229%- 299 580 2 8102-Чпг-9 
0 зору 192] 9/5 1726 0159 928'980'2 8102-ипг-6 
0 Єбўў 192] peor 9/891- 29060 5697702 8102-ЧпГ-р 
(s}ndjno moy (sindui (uone1uode^3 (ебелој5 әле (jenpise1 
eoeyns |-90) мој әзер пе ү-2)|) 9ye1) (иопеџа дела) ш əĵuey p) зејемриполс)) 
пору "n 3 d Besos мое) - “МӘ әуел жа 


'џоцешјоји | e 58002 | 116101 e| әр 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 
о) Sseooy EU} лэрий рэзеэем јџиешпоод 


sjueuoduio? ээивея лојем 


(сш) зешпјол Анеа 


( 


р 


3409) g'Zv әде 


0/:100 


модом [e2I1u4J29 8/02 


рішен LL-2v шелзбола Вшлоуиору 2427 5,1 ‘SAN 
0 8028 14574) Lev 2222% 05607 019'292 2 8L0c-Inr-sc 
0 5599 76/1 eve ебсеу 26082 8687122 8LOZ-INr-pz 
0 [1225 76/1 9211 21941 8795 509/2 8L0c-Inr-ec 
0 3587 76/1 0 Style І0У82 ЄЄ0'#б а 8L0c-Inr-cc 
0 999% 76/1 9129, SL9E- 20822- 29900 5 8L0c-Inf-Lc 
0 526? 76/1 58 /2992- 8%/82- 60292172 8L0c-Inf-0c 
0 [1222 76/1 0 c0€vL- 24621- VEL'LSL'Z 8L0c-Inf-6L 
0 7519 76/1 0 21992- 55605- 920'991 Z 810-10-81 
0 2169 76/1 0 9108- VELEL- 67926/2 8LOZ-INf-24 
0 2092 v6LL 0 S9cvc- 7200<- 7990022 8LOZ-INF-9L 
0 4978 7611 | 1198 С- 29196 626 722 с 8102-1пг-9 / 
0 7096 76/1 СО 09ÿGc- S6Lv€- дор' 252 2 8L0c-Inf-v L 
98 22901 76/1 0 70555- 2502%- 2988722 8LOc-Inr-€ |, 
S09 15811 уб4| 89/ 9ECIC- СӯР9Є- АҚАН 8LOZ-INf-ZL 
042! 97051 76/1 0 9972 |- 6622 2- 2079662 8102-1-11 
279, 58071 76/1 0 ELLE SOVET 92922 8L0c-Inr-0L 
06 12724 76/1 0 2266- 2901 2- 670'815'С 8L0c-Inf-6 
7406 $6691 ?62| | Сбт 8168c- cco'8ace'c 8L0c-Inf-8 
есес 2999 v6LL 710$ 670/56 0992 PLS'SYET 8L0c-Inr-Z 
9vcc 99б} 76/1 992 9957 9L12- АТ ЖА 810c-Inr-9 
1861 |987! 76/1 0 9085 £4cS- 668'€L€'z 8L0c-Inr-s 
6971 85161 76/1 [А 89981- StL6C- 260'802 "2 8L0c-Inf-v 
S09 28121 v6LL cOLLL 62092 егіс) 9779262 8L0c-Inr-€ 
0 2290! v6LL LELS 40229 57565 2620622 8L0c-Inr-c 
0 £188 76/1 952 69629 78995 Sev £2 C 8L0c-Inr-L 
0 9669 192] 0 68185 ГА СТАЗ о ДУДА 8L0c-unr-oc 
(syndjno moy (sndui (uone1odeAz (ебелој5 әуел (јепргзеј 
eoeyns [-20) мо} e2eyns [-21) aye) (uoneydioasd) ul ебиец5) зејемрипојс)) 
my "D 3 d а "MO - “МЭ әже “ға 
sjueuoduio? ээзиееа лојем 
(сш) вәшпіод Кеа 
(рачоо) 8727 эает 


'џоцешјоји | e ѕәоое | Jns 107 e| ep 
прәл ue епбјпмр јиешпоод / 12v џоцешјоји 
о) Sseooy Əy} Jepu() peseejes јиешпоод 


LLLLOO 


ріәшен 


су 


yoday |еэ!ицээ.1 8102 


шелзбола биџоџиоуј 2487 5,1 "SIN 


0 01; veel 0 zozv- 8civ- е9р'920'2 gL0z-Bny-1z 

0 9621 veel 98 796, |- LLOSL- S0Z'620'z 8102-бпу-02 

0 9621 veel v9 9979- 2059- 659 770% 8Loz-Bnv-61 

0 2821 veel Le 2882 2082 SZV'vS0'z 8,02-бпу-8 | 

0 SSSI veel 0 L6SS 6929 2ғ2050% 8102-бпу-/ 

0 279, ДАЯ 0 91662- £€£c0€- cS9'vrvO'c 810z-5ny-91 

0 8541 veel 0 9/19) 2119, 995%/0% 8/02-6пу-9 

0 ДП veel 0 0798 6v18 /97'890'2 8/02-бпу-р | 

0 1861 АЯ 0 4€981- 0061- 18602 8L0z-Bnv-£L 

0 09/2 veel 0 98v8cc- 78955- 6vv'890'z 8102-8nv-z|, 

0 [4974 veel 0 8cEL- LEET- 962 160% 8102-6бпу- ||, 

0 2642 veel 0 SctS- 2699- 529760% 8/02-бпу-01, 

0 59/2 veel 0 8978- 6066- 056'/60'< 8102-бпу-6 

0 206 veel 0 0888 - 08S0c- 8Lv'90L'c 8102-бпу-8 

0 0/ЄЄ veel 0 С9Ӯ- 96vc- 86292 | 2 8L0z-Bnv-2 

0 6,46 veel 0 ОРЕ - 4£4€1- OSZ'SZL'Z 810@-бпу-9 

0 тес? veel 0 00€2€- богор- 260762 8102-Bny-c 

0 65/7 veel 0 YSSEL- 28691- 962 721 2 8102-бпу-р 

0 2564 veel 98 ААТ 09291- 096'28 2 8LOZ-Bnv-€ 

0 7519 veel 0 60602- 0c4Sc- 261'002 2 8LOZ-Bnv-z 

0 2169 veel 0 LLSEZ- 6S162- LOL'LZZ'Z 8LOZ-Bnv-L 
0 676/ 76/1 L 26919- 81929- 29772 с 8LOc-Inf-L€ 
егі 8916 v6LL tzOL 02052- 95555- v6L' 962 2 8L0c-INr-0€ 
169 9610, 76/1 0 SS9v|- 59622- vie eec 8L0c-Inr-6c 
150, $4601 76/1 0 129 1299- 698'522 2 8LOZ-INr-8c 
096 21260! 76/1 0 62922 [051447 ӨЎЄ'РЄЄ'С 8LOZ-INF-ZZ 
9vt 0986 76/1 0 00067 06517 0Z9'LLE'Z 8L0c-Inr-9c 

(s}ndjno moy (syndui (uone1odeA3 (eBe1ojs әуе | (Іепріѕәл 
eoeyns 1-90) моң әдеп ү-2)|) exe7) (uoneydi9814) ui әбиецо) зејемрипојс)) 

шоку UD 3 d obesos оде) - “МО 227 au 


'џоцешјоји | e 58002 | Jns 101 e| эр 
прәл ue әпбіллір јиешпоод / оу чоцешоји| 
0} Sseooy әці Jepu() рэзеэем јџиешпоод 


sjueuoduio? eo2ue|eg лојем 


(= 


ш) зешпјол Кеа 


(радио) gZv ајде] 


21100 


модем |еэ!ицээ1 8/02 
рішен 6L-ZV шелбола биџоџиоуј 2427 5,1 ‘SIN 


0 888€ 869 0 9165 9292 61682 С 810-995-/ | 
0 cvS€ 96S 0 2196 8959 £00'€£L'Z 8102-995-91 
0 OLLE 866 0 сег 0ў/8 L6r'EZL'Z 810z-des-s} 
0 8/92 86S 0 OLS9L бе?! BET LL Z 8105-995-7 1 
0 9vcc 96S 0 0922 | [42:127 627:560% 8102-4ә5-с) 
0 106 96S 195 Ott- voez- 89t'z80'z 8/02-4ә5-2), 
0 279, 869 есегі 6400€ 20822 606'280"2 8105-995-11 
0 6971 865 58 9296- С8У01- 628'250'2 8105-995-01 
0 9621 86S 88 9256 Ore 952'290'2 8102-4ә5-6 
0 ока, 96S 2289 01 9/86 628250% 8102-495-8 
0 0/2! 865 0 су19- €919- OLS'6EO'Z 8105-995-/ 
0 01; 865 0 1955С- £26€c- cS9'rvO'c 810z-des-9 
0 0/2! 865 0 ELZLZ 20902 2108902 8105-995-6 
0 егі 865 8601 98022- 8022 2- 662'970'Z 8L0z-des-v 
0 [ТАЙ 869 £L 99202 2296! 588 8902 8102-495-6 
0 ег 866 0 геги- 29211- 0258%0%2 8L02-des-z 
0 2601 865 9726 98072 0702 LG/'6S0'z 8105-995-1 
0 096 veel 541 4998- 1S€8- S99'S€0'Z 8L0Z-Bnv-LE 
0 096 veel 0705 11851 05/8 cec vvo'c 8'02-6пу-02 
0 798 veel v9vS 5765 856 90ÿ'LEO'T 8/02-бпу-62 
0 798 veel 0 0 097 975202 8/02-бпу-82 
0 056 veel 0 489 21891- £9t'ScO'z 8/02-бпу-22 
0 056 veel 0 0692 7908 059'170'С 8/02-бпу-92 
0 2601 veel 8001 6992- 0855- 096'220'2 8/02-бпу-52 
0 2601 veel ог Lev 769 6159602 8/02-бпу-р2 
0 есі veel 2682 2222- 29601 - c60'9€0'z 8/02-бпу-с2 
0 есі veel 090! 06/1 cv0ZL | РОС ЕРОС 8/02-бпу-22 
(sndino moy (паи! (ицоцелодел- (ебелој5 әуел (jenpises 
ээерп$ [-00) мор auns ү-2)|) exe) (uoneydioe14) ш әбиецо) зејемрипојс)) 
moy) чо а а obolis yy no ME) - “MO әуел — 
sjueuoduio:? ээив|ея лојем 


(G 


ш) зешпјол Апед 


(раио5) g'zy әче 


'џоцешјоји | e 58202 | Jns 101 e| ep 
прәл ue епбјпмр јиешпоод / оу uoneuuoJu| 
о) Sseooy EU} лэрий peseejes јџиешпоод 


100 


модем [еэіицэәј 8102 
рәш ен 02-2У шелбола Биџоџиоу әуе7 5,1 SIN 


0 821 vic 0 2860c- 9Ӯ912- 488 1902 8106-20-71 
0 798 0 0 L6€vc- 19292- 8972802 8106-20-61 
0 096 0 0 0867€ 02022 598'90 2 8102-120-7L 
0 [ТАЙ vic 0 ӯ811- velel- 988'890 2 8L0c-PO-LL 
0 0421. 0 0 Р9Ӯ91- £4991- 60/'080'z 8102-90-01. 
0 c8€l 0 0 ў/99- 2508- с2/960% 8L0c-PO-6 
0 SSSI 0 0 veSZzl- 680ÿ1L- 2%8%0/2 8105-20-8 
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Document Released Under the Access to 


Information Act / Ведитебнтд ум! уче en vertu 
de la Loi sur l'accéPAGEl igfermsation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 
Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
L2134998-1 BUOY TOP 
Sampled By: НК,АО on 24-JUL-18 @ 12:30 
Matrix: SW 
Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 1.61 0.10 ug/L 25-JUL-18 25-JUL-18 | R4168135 
GROUP 1 - RAMP 
Color, True 
Color, True 41.3 2.0 C.U. 25-JUL-18 | R4140429 
lon Balance Calculation 
lon Balance | 90.8 % 15-AUG-18 
TDS (Calculated) 201 mg/L 15-AUG-18 
Hardness (as CaCO3) 152 mg/L 15-AUG-18 
Total Dissolved Solids 
Total Dissolved Solids 234 10 mg/L 31-JUL-18 | R4152878 
Total Suspended Solids 
Total Suspended Solids 4.6 3.0 mg/L 31-JUL-18 | R4152825 
pH, Conductivity and Alkalinity (T & P) 
pH 8.21 0.10 pH 04-AUG-18 | R4159313 
Conductivity (EC) 325 2.0 uS/cm 04-AUG-18 | R4159313 
Bicarbonate Alkalinity (as HCO3) 190 5.0 mg/L 04-AUG-18 | R4159313 
Carbonate Alkalinity (as CO3) «5.0 5.0 mg/L 04-AUG-18 | R4159313 
Hydroxide Alkalinity (as OH) <5.0 5.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Phenolphthalein (as CaCO3) <2.0 2.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Total (as CaCO3) 156 2.0 mg/L 04-AUG-18 | R4159313 
GROUP 2 - RAMP 
Chloride in Water by IC 
Chloride (Cl) 7.98 0.50 mg/L 25-JUL-18 | R4140058 
Sulfate in Water by IC 
Sulfate (SO4) 31.4 0.30 mg/L 25-JUL-18 | R4140058 
GROUP 3 - RAMP 
Ammonia in Water by Colour 
Ammonia, Total (as N) «0.050 0.050 mg/L | 01-AUG-18 | R4152602 
Nitrate in Water by IC 
Nitrate (as N) 0.052 | 0.020 mg/L 25-JUL-18 | R4140058 
Nitrate+Nitrite 
Nitrate and Nitrite (as М) 0.052 0.022 mg/L 27-JUL-18 
Nitrite in Water by IC 
Nitrite (as N) «0.010 0.010 mg/L 25-JUL-18 | R4140058 
TKN in Water by Colour 
Total Kjeldahl Nitrogen «0.20 0.20 mg/L 16-AUG-18 | 17-AUG-18 | R4175708 
Total Dissolved P in Water by Colour | 
Phosphorus (P)-Total Dissolved 0.0143 0.0010 mg/L | 20-AUG-18 | R4178596 
Total P in Water by Colour 
Phosphorus (P)-Total 0.0128 0.0010 mg/L | 20-AUG-18 | R4178596 
GROUP 5 - RAMP HATFIELD 
Hydrocarbons,Rec. (I.R.) | 
Hydrocarbons, Recoverable (I.R.) <1.0 1.0 mg/L 23-AUG-18 | R4182123 
Dissolved Metals 
Total Metals 
Miscellaneous Parameters 
Biochemical Oxygen Demand 2.5 2.0 mg/L | 25-JUL-18 | R4147072 
Chlorine, Total <0.10 0.10 mg/L 25-JUL-18 | R4145624 
Orthophosphate-Dissolved (as P) «0.010 | 0.010 mg/L | 25-JUL-18 | R4139994 
Dissolved Organic Carbon 16.6 0.50 mg/L 15-AUG-18 | R4172341 
Naphthenic Acids 0.29 0.10 mg/L 03-AUG-18 | 03-AUG-18 | R4158897 
1 = 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
L2134998-1 BUOY TOP | | 
Sampled By: НК,АО on 24-JUL-18 @ 12:30 | | 
Matrix: SW 
Phenols (4AAP) 0.0018 0.0010 mg/L | 01-AUG-18 | R4153713 
Boron (B)-Total 0.071 DLM 0.010 mg/L 15-AUG-18 | R4169221 
Mercury (Hg)-Total 0.00097 0.00050 ug/L 02-AUG-18 | R4155671 
Total Organic Carbon 16.6 0.50 mg/L 15-AUG-18 | R4172270 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 0.037 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Antimony (Sb)-Total «0.00050 DLM 0.00050 mg/L | 15-AUG-18 | R4169221 
Arsenic (As)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Total 0.0418 DLM 0.00050 mg/L | 15-AUG-18 | R4169221 
Beryllium (Be)-Total <0.00050 DLM | 0.00050 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Total «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Total <0.000025 DLM | 0.000025 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Total 45.6 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Total <0.000050 | DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Total 0.00056 | DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Copper (Cu)-Total <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Total 0.152 DLM 0.050 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Total <0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Total 0.0103 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Total 12.6 DLM 0.025 mg/L | 15-AUG-18 | R4169221 
Manganese (Mn)-Total | 0.0152 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Total | <0.00025 DLM 0.00025 mg/L | 15-AUG-18 | R4169221 | 
Nickel (Ni)-Total <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Total | <0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Total | 2.00 DLM 0.25 | mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Total 0.0016 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Total «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Total 3.36 DLM 0.50 | mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Total | «0.000050 DLM 0.000050 | mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Total 13.0 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Total 0.130 DLM 0.0010 | mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Total 82 DLM 2.5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Total «0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Total «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Total | <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Total <0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Total | 0.000209 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Total <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Total | <0.015 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Total | <0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 | 
Diss. Mercury in Water by CVAFS (Ultra) | 
Dissolved Mercury Filtration Location LAB 01-AUG-18 | R4152830 
Mercury (Hg)-Dissolved «0.00050 0.00050 ug/L 01-AUG-18 | 02-AUG-18 | R4156372 
Dissolved Boron by CRC CCMS | 
Dissolved Metals Filtration Location | FIELD 14-AUG-18 | R4169219 
Boron (B)-Dissolved | 0.073 0.010 mg/L | 15-AUG-18 R4169221 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Aluminum (Al)-Dissolved | <0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
ERREUR а ee ад 

1 2134998-1 BUOY ТОР 

Sampled Ву: НК,АО оп 24-JUL-18 @ 12:30 

Matrix: SW 
Dissolved Metals in Water by CRC ICPMS 
Antimony (Sb)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Arsenic (As)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Dissolved 0.0392 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Dissolved «0.000025 DLM | 0.000025 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Dissolved 41.4 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Dissolved <0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Copper (Cu)-Dissolved <0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Dissolved «0.050 DLM 0.050 mg/L 15-AUG-18 |R4169221 
Lead (Pb)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Dissolved 0.0099 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Dissolved 11.9 DLM 0.10 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Dissolved 0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Dissolved «0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Dissolved 1.92 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Dissolved 0.0013 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Dissolved 3.36 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Dissolved «0.000050 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Dissolved 12.3 DLM 1.0 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Dissolved 0.124 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Dissolved 7.6 DLM 2.5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Dissolved <0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Dissolved <0.000050 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Dissolved <0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 

| Tungsten (W)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 

Uranium (U)-Dissolved : 0.000188 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Dissolved «0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Dissolved <0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 

L2134998-2 BUOY BOTTOM 

Sampled By: НК,АО on 24-JUL-18 @ 13:00 

Matrix: SW 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 0.34 0.10 ug/L 25-JUL-18 | 25-JUL-18 | R4168135 

GROUP 1 - RAMP 
Color, True 
Color, True 50.4 2.0 C.U. 25-JUL-18 | R4140429 
lon Balance Calculation 
lon Balance 100 % 15-AUG-18 
TDS (Calculated) 192 mg/L 15-AUG-18 
Hardness (as CaCO3) 155 mg/L 15-AUG-18 
Total Dissolved Solids 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
L2134998-2 BUOY BOTTOM 
Sampled By: НК,АО on 24-JUL-18 @ 13:00 | 
Matrix: SW 
Total Dissolved Solids 
Total Dissolved Solids 244 10 mg/L 31-JUL-18 | R4152878 
Total Suspended Solids 
Total Suspended Solids 4.5 3.0 mg/L | 31-JUL-18 | R4152825 
pH, Conductivity and Alkalinity (T & P) 
pH 8.00 0.10 pH | 04-AUG-18 | R4159313 | 
Conductivity (EC) 335 2.0 uS/cm | 04-AUG-18 | R4159313 | 
Bicarbonate Alkalinity (as HCO3) 193 5.0 mg/L 04-AUG-18 | R4159313 
Carbonate Alkalinity (as CO3) «5.0 5.0 mg/L 04-AUG-18 | R4159313 
Hydroxide Alkalinity (as OH) «5.0 5.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 2.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Total (as CaCO3) 158 2.0 mg/L 04-AUG-18 | R4159313 
GROUP 2 - RAMP 
Chloride in Water by IC 
Chloride (Cl) 5.50 0.50 mg/L 25-JUL-18 | R4140058 
Sulfate in Water by IC 
Sulfate (SO4) 20.5 0.30 mg/L 25-JUL-18 | R4140058 
GROUP 3 - RAMP | 
Ammonia in Water by Colour 
Ammonia, Total (as N) 0.183 0.050 mg/L 01-AUG-18 | R4152602 
Nitrate in Water by IC | 
Nitrate (as N) 0.148 0.020 mg/L 25-JUL-18 | R4140058 
Nitrate+Nitrite | 
Nitrate and Nitrite (as М) 0.167 | 0.022 mg/L 27-JUL-18 
Nitrite in Water by IC 
Nitrite (as N) 0.020 0.010 mg/L | 25-JUL-18 | R4140058 
TKN in Water by Colour | | 
Total Kjeldahl Nitrogen <0.20 0.20 mg/L 16-AUG-18 | 17-AUG-18 | R4175708 
Total Dissolved P in Water by Colour | 
Phosphorus (P)-Total Dissolved 0.0083 0.0010 mg/L 20-AUG-18 | R4178596 
Total P in Water by Colour 
Phosphorus (P)-Total 0.0296 0.0010 mg/L 20-AUG-18 | R4178596 
GROUP 5 - RAMP HATFIELD | 
Hydrocarbons,Rec. (I.R.) : 
Hydrocarbons, Recoverable (I.R.) <1.0 1.0 mg/L 23-AUG-18 | R4182123 
Dissolved Metals | 
Total Metals 
Miscellaneous Parameters 
Biochemical Oxygen Demand 2.1 2.0 mg/L 25-JUL-18 | R4147072 
Chlorine, Total «0.10 0.10 mg/L 25-JUL-18 | R4145624 
Orthophosphate-Dissolved (as P) 0.010 0.010 mg/L 25-JUL-18 | R4139994 
Dissolved Organic Carbon 15.8 0.50 mg/L 15-AUG-18 | R4172341 
Naphthenic Acids 0.37 0.10 mg/L 03-AUG-18 | 03-AUG-18 | R4158897 
Phenols (4AAP) 0.0016 0.0010 mg/L 01-AUG-18 | R4153713 
Boron (B)-Total 0.081 DLM 0.010 mg/L 15-AUG-18 | R4169221 
Mercury (Hg)-Total 0.00088 0.00050 ug/L 01-AUG-18 | R4152920 
Total Organic Carbon 15.7 0.50 mg/L 15-AUG-18 | R4172270 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 0.024 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Antimony (Sb)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Arsenic (As)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Total 0.0419 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Total <0.00050 | DIM 0.00050 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001126 


Document Released Under the Access to 
Information Act / Dagssmeordivulgue en vertu 
de la Loi sur l'accémsl' infarmaation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2134998-2 BUOY BOTTOM 

Sampled Ву: НК,АО on 24-JUL-18 @ 13:00 

Matrix: SW 
Total Metals in Water by CRC ICPMS 
Bismuth (Bi)-Total <0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Total «0.000025 DLM | 0.000025 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Total 46.7 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Total «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Total | 0.00067 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Total | «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Copper (Cu)-Total | <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Total 0.418 DLM 0.050 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Total <0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Total 0.0105 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Total 13.0 DLM 0.025 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Total 0.321 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Total 0.00044 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Total «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Total | <0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Total 2.20 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Total | 0.0017 | DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Total | «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Total 3.92 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Total «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Total | 14.0 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Total 0.128 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Total | 8.3 DLM 2:5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Total «0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Total «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Total «0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Total | <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Total 0.000267 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Total «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Total «0.015 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Total | «0.00030 DLM 0.00030 mg/L | 15-AUG-18 | R4169221 
Diss. Mercury in Water by CVAFS (Ultra) 
Dissolved Mercury Filtration Location LAB | 01-AUG-18 | R4152830 
Mercury (Hg)-Dissolved «0.00050 0.00050 ug/L 01-AUG-18 | 02-AUG-18 | R4156372 
Dissolved Boron by CRC CCMS | 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Boron (B)-Dissolved 0.082 0.010 mg/L 15-AUG-18 | R4169221 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Aluminum (Al)-Dissolved <0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Antimony (Sb)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Arsenic (As)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Dissolved 0.0383 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Dissolved «0.00050 DLM | 0.00050 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Dissolved «0.000025 DLM 0.000025 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Dissolved 42.2 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Dissolved <0.000050 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001127 


Document Released Under the Access to 


Information Act / Ведетебнта уијдче en vertu 
de la Loi sur l'accéeAGEl information. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 

Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2134998-2 BUOY BOTTOM 

Sampled By: НК,АО on 24-JUL-18 @ 13:00 

Matrix: SW 
Dissolved Metals in Water by CRC ICPMS 
Copper (Cu)-Dissolved «0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Dissolved 0.127 DLM 0.050 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Dissolved 0.0098 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Dissolved 12.0 DLM 0.10 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Dissolved 0.121 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Dissolved 0.00037 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Dissolved «0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Dissolved 2.08 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Dissolved 0.0017 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Dissolved 3.78 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Dissolved <0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Dissolved 13.7 DLM 1.0 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Dissolved 0.120 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Dissolved 77 DLM 2.5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Dissolved <0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Dissolved «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Dissolved <0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Dissolved 0.000240 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Dissolved <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Dissolved | <0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Dissolved | <0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 

L2134998-3 OUTLET | 

Sampled By: НК,АО on 24-JUL-18 @ 14:40 | 

Matrix: SW 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 1.88 0.10 ug/L 25-JUL-18 25-JUL-18 | R4168135 

GROUP 1 - RAMP 
Color, True 
Color, True 43.9 2.0 C.U. | 25-JUL-18 | R4140429 
lon Balance Calculation 
lon Balance 98.9 96 15-AUG-18 
TDS (Calculated) 182 mg/L | 15-AUG-18 
Hardness (as CaCO3) 149 mg/L 15-AUG-18 
Total Dissolved Solids 
Total Dissolved Solids 230 10 mg/L 31-JUL-18 | R4152878 
Total Suspended Solids 
Total Suspended Solids 6.0 3.0 mg/L 31-JUL-18 | R4152825 
pH, Conductivity and Alkalinity (T & P) 
pH 8.22 0.10 pH 04-AUG-18 | R4159313 
Conductivity (EC) 319 2.0 uS/cm 04-AUG-18 | R4159313 
Bicarbonate Alkalinity (as HCO3) 188 5.0 mg/L 04-AUG-18 | R4159313 
Carbonate Alkalinity (as CO3) <5.0 5.0 mg/L 04-AUG-18 | R4159313 
Hydroxide Alkalinity (as OH) «5.0 5.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Phenolphthalein (as CaCO3) <2.0 2.0 mg/L 04-AUG-18 | R4159313 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001128 


Document Released Under the Access to 
Information Act / Dogs eof i vulgué en vertu 
de la Loi sur Гассераве! iafermeation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Оџате“ D.L. Units Extracted Analyzed Batch 


L2134998-3 OUTLET 
Sampled By: НК,АО on 24-JUL-18 @ 14:40 
Matrix: SW 


pH, Conductivity and Alkalinity (T & P) 
Alkalinity, Total (as CaCO3) 154 2.0 mg/L 04-AUG-18 | R4159313 
GROUP 2 - RAMP 


Chloride in Water by IC 


Chloride (Cl) 4.36 0.50 mg/L 25-JUL-18 | R4140058 
Sulfate in Water by IC 
Sulfate (SO4) 19.3 0.30 mg/L 25-JUL-18 | R4140058 


GROUP 3 - RAMP 
Ammonia in Water by Colour 


Ammonia, Total (as N) «0.050 0.050 mg/L 01-AUG-18 | R4152602 
Nitrate in Water by IC 

Nitrate (as N) «0.020 0.020 mg/L 25-JUL-18 | R4140058 
Nitrate*Nitrite 

Nitrate and Nitrite (as N) «0.022 0.022 mg/L 27-JUL-18 

Nitrite in Water by IC 

Nitrite (as N) «0.010 0.010 mg/L 25-JUL-18 | R4140058 
TKN in Water by Colour | 

Total Kjeldahl Nitrogen «0.20 0.20 mg/L 16-AUG-18 | 17-AUG-18 | R4175708 
Total Dissolved P in Water by Colour 

Phosphorus (P)-Total Dissolved 0.0062 0.0010 mg/L 20-AUG-18 | R4178596 
Total P in Water by Colour 

Phosphorus (P)-Total 0.0139 0.0010 mg/L 20-AUG-18 | R4178596 


GROUP 5 - RAMP HATFIELD 
Hydrocarbons,Rec. (I.R.) 


Hydrocarbons, Recoverable (І.К.) <1.0 1.0 mg/L 23-AUG-18 | R4182123 
Dissolved Metals 
Total Metals 

Miscellaneous Parameters 

Biochemical Oxygen Demand <2.0 | 2.0 mg/L 25-JUL-18 | R4147072 
Chlorine, Total «0.10 0.10 | та. 25-JUL-18 | R4145624 
Orthophosphate-Dissolved (as P) «0.010 0.010 mg/L 25-JUL-18 | R4139994 
Dissolved Organic Carbon 17.2 0.50 mg/L 15-AUG-18 | R4172341 
Naphthenic Acids 0.33 0.10 mg/L 03-AUG-18 | 03-AUG-18 | R4158897 
Phenols (4AAP) 0.0017 0.0010 mg/L 01-AUG-18 | R4153713 
Boron (B)-Total 0.071 DLM 0.010 mg/L 15-AUG-18 | R4169221 
Mercury (Hg)-Total 0.00101 0.00050 ug/L 01-AUG-18 | R4152920 
Total Organic Carbon 16.7 0.50 mg/L 15-AUG-18 | R4172270 
Total Metals in Water by CRC ICPMS 

Aluminum (Al)-Total 0.083 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Antimony (Sb)-Total «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Arsenic (As)-Total 0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Total 0.0429 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Total <0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Total <0.000025 DLM | 0.000025 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Total 46.2 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Total <0.000050 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Total 0.00065 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Copper (Cu)-Total «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Total 0.268 DLM 0.050 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Total «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001129 


Document Released Under the Access to 
Information Act / Беяьвтебќтёуиіоие en vertu 
de la Loi sur laccémneéel ipfermsation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2134998-3 OUTLET 

Sampled By: | HK,AO on 24-JUL-18 @ 14:40 

Matrix: SW 
Total Metals in Water by CRC ICPMS | 
Lithium (Li)-Total 0.0116 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Total 12.8 DLM 0.025 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Total 0.0136 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Total 0.00028 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Total «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Total «0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Total : 2.01 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Total 0.0016 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Total «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Total 3.53 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Total «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Total 13.1 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Total 0.140 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Total 8.1 | DLM 2:5 mg/L | 15-AUG-18 | R4169221 
Tellurium (Te)-Total <0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Total <0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Total <0.00050 | DLM | 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Total 0.0017 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Total <0.00050 | DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Total 0.000214 | DIM 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Total <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Total <0.015 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Total <0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 
Diss. Mercury in Water by CVAFS (Ultra) 
Dissolved Mercury Filtration Location LAB 01-AUG-18 | R4152830 
Mercury (Hg)-Dissolved «0.00050 0.00050 ug/L 01-AUG-18 | 02-AUG-18 | R4156372 
Dissolved Boron by CRC CCMS | 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Boron (B)-Dissolved 0.071 0.010 mg/L 15-AUG-18 | R4169221 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Aluminum (Al)-Dissolved «0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 

|  Antimony (Sb)-Dissolved «0.00050 DLM 0.00050 mg/L | 15-AUG-18 | R4169221 
Arsenic (As)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Dissolved 0.0402 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Dissolved «0.000025 DLM | 0.000025 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Dissolved 40.2 DLM 0.50 mg/L 15-AUG-18 | R4169221 | 
Cesium (Cs)-Dissolved «0.000050 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Copper (Cu)-Dissolved <0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Dissolved «0.050 DLM 0.050 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Dissolved 0.0105 DLM | 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Dissolved 11.8 DLM 0.10 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
|. Phosphorus (P)-Dissolved <0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001150 


Document Released Under the Access to 
Information Act / Pasada eokfbyulgué en vertu 
de la Loi sur laccépadea information. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 


L2134998-3 OUTLET 
Sampled By: НК,АО on 24-JUL-18 @ 14:40 


Matrix: SW 

Dissolved Metals in Water by CRC ICPMS 

Potassium (K)-Dissolved 1.89 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Dissolved 0.0013 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Dissolved <0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Dissolved 3.30 DLM 0.25 mg/L | 15-AUG-18 | R4169221 
Silver (Ag)-Dissolved <0.000050 DLM | 0.000050 mg/L | 15-AUG-18 | 84169221 
Sodium (Na)-Dissolved 12.4 DLM 1.0 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Dissolved 0.122 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Dissolved 7.5 DLM 2.5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Dissolved «0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Dissolved «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Dissolved | «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Dissolved «0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Dissolved 0.000202 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Dissolved «0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Dissolved «0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 


L2134998-4 DUPLICATE 
Sampled By: НК,АО on 24-JUL-18 @ 14:40 


Matrix: SW | 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 1.96 0.10 ug/L 25-JUL-18 | 25-JUL-18 | R4168135 

GROUP 1 - RAMP 
Color, True 
Color, True 41.1 2.0 C.U. 25-JUL-18 | R4140429 
lon Balance Calculation 
lon Balance 99.2 % 15-АОС-18 
TDS (Calculated) 182 mg/L 15-AUG-18 
Hardness (as CaCO3) 149 mg/L 15-AUG-18 
Total Dissolved Solids 
Total Dissolved Solids 223 10 mg/L 31-JUL-18 | R4152878 
Total Suspended Solids 
Total Suspended Solids 6.6 3.0 mg/L 31-JUL-18 | R4152825 
pH, Conductivity and Alkalinity (T & P) 

| pH 8.20 0.10 pH 04-AUG-18 | R4159313 
| Conductivity (EC) 319 2.0 uS/cm 04-AUG-18 |R4159313 

Bicarbonate Alkalinity (as HCO3) 187 | 5.0 mg/L 04-AUG-18 | R4159313 
Carbonate Alkalinity (as CO3) «5.0 5.0 mg/L 04-AUG-18 | R4159313 
Hydroxide Alkalinity (as OH) <5.0 5.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 2.0 mg/L 04-AUG-18 | R4159313 
Alkalinity, Total (as CaCO3) 153 2.0 mg/L 04-AUG-18 | R4159313 


GROUP 2 - RAMP 
Chloride in Water by IC 


Chloride (Cl) 4.39 0.50 mg/L 25-JUL-18 | R4140058 
Sulfate in Water by IC 
Sulfate (SO4) 19.4 0.30 mg/L 25-JUL-18 | R4140058 


GROUP 3 - RAMP 


Ammonia in Water by Colour 
Ammonia, Total (as N) «0.050 0.050 mg/L 01-AUG-18 | R4152602 


Nitrate in Water by IC 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001131 


Document Released Under the Access to 


Information Act / елеем! че en vertu 
de la Loi sur l'accéPAGEl mfernaation. 


Sample Details/Parameters 


L2134998-4 DUPLICATE 


Sampled By: НК,АО on 24-JUL-18 @ 14:40 


Matrix: SW 
Nitrate in Water by IC 
Nitrate (as N) 
Nitrate+Nitrite 
Nitrate and Nitrite (as N) 
Nitrite in Water by IC 
Nitrite (as N) 
TKN in Water by Colour 
Total Kjeldahl Nitrogen 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved 
Total P in Water by Colour 
Phosphorus (P)-Total 
GROUP 5 - RAMP HATFIELD 


Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (І.К.) 


Dissolved Metals 
Total Metals 
Miscellaneous Parameters 


Biochemical Oxygen Demand 
Chlorine, Total 
Orthophosphate-Dissolved (as P) 
Dissolved Organic Carbon 
Naphthenic Acids 

Phenols (4AAP) 

Boron (B)-Total 

Mercury (Hg)-Total 

Total Organic Carbon 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 
Antimony (Sb)-Total 
Arsenic (As)-Total 

Barium (Ba)-Total 
Beryllium (Be)-Total 
Bismuth (Bi)-Total 
Cadmium (Cd)-Total 
Calcium (Ca)-Total 
Cesium (Cs)-Total 
Chromium (Cr)-Total 
Cobalt (Co)-Total 

Copper (Cu)-Total 

Iron (Fe)-Total 

Lead (Pb)-Total 

Lithium (Li)-Total 
Magnesium (Mg)-Total 
Manganese (Mn)-Total 
Molybdenum (Mo)-Total 
Nickel (Ni)-Total 
Phosphorus (P)-Total 
Potassium (K)-Total 
Rubidium (Rb)-Total 
Selenium (Se)-Total 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 

Result Qualifier* D.L. Units Extracted Analyzed Batch 

«0.020 0.020 mg/L 25-JUL-18 | R4140058 
«0.022 0.022 mg/L 27-JUL-18 

«0.010 0.010 mg/L 25-JUL-18 | R4140058 
«0.20 0.20 mg/L 16-AUG-18 | 17-AUG-18 | R4175708 
0.0355 0.0010 mg/L 20-AUG-18 | R4178596 
0.0155 0.0010 mg/L 20-AUG-18 | R4178596 
«1.0 1.0 mg/L 23-AUG-18 | R4182123 
«2.0 2.0 mg/L 25-JUL-18 | R4147072 
«0.10 0.10 mg/L 25-JUL-18 | R4145624 
<0.010 0.010 mg/L 25-JUL-18 | R4139994 
16.8 0.50 mg/L 15-AUG-18 | R4172341 
0.33 0.10 mg/L 03-AUG-18 | 03-AUG-18 | R4158897 
0.0014 0.0010 mg/L 01-AUG-18 | R4153713 
0.073 DLM 0.010 mg/L 15-AUG-18 | R4169221 
0.00100 0.00050 ug/L 01-AUG-18 | R4152920 
16.6 0.50 mg/L 15-AUG-18 | R4172270 
0.073 DLM 0.015 mg/L 15-AUG-18 | R4169221 
«0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
«0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
0.0432 DLM 0.00050 mg/L | 15-AUG-18 | R4169221 
«0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
«0.00025 DLM 0.00025 mg/L | 15-AUG-18 | R4169221 
«0.000025 DLM 0.000025 mg/L 15-AUG-18 | R4169221 
44.8 DIM | 0.25 mg/L 15-AUG-18 | R4169221 
«0.000050 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
0.00073 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
«0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
«0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
0.246 DLM 0.050 mg/L 15-AUG-18 | R4169221 
«0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
0.0114 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
13.2 DLM 0.025 mg/L 15-AUG-18 | R4169221 
0.0133 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
«0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
«0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
«0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
2.03 DLM 0.25 mg/L 15-AUG-18 | R4169221 
0.0015 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
«0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
3.55 DLM 0.50 mg/L 15-AUG-18 | R4169221 


Silicon (Si)-Total 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 


Information Act / Велебита vulgué en vertu 
de la Loi sur Гассекафе | imfermeation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 

Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2134998-4 DUPLICATE 

Sampled By: НК,АО on 24-JUL-18 @ 14:40 

Matrix: SW 
Total Metals in Water by CRC ICPMS 
Silver (Ag)-Total <0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Total 13.4 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Total 0.130 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Total 7.8 DLM 2.5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Total <0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (Т!)-Тога! <0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Total <0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Total <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Total 0.000204 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Total <0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Total <0.015 DLM 0.015 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Total <0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 
Diss. Mercury in Water by CVAFS (Ultra) 
Dissolved Mercury Filtration Location LAB 01-AUG-18 | R4152830 
Mercury (Hg)-Dissolved | <0.00050 0.00050 ug/L 01-AUG-18 | 02-AUG-18 | R4156372 
Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Вогоп (B)-Dissolved 0.072 0.010 mg/L 15-AUG-18 | R4169221 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location FIELD 14-AUG-18 | R4169219 
Aluminum (Al)-Dissolved 0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Antimony (Sb)-Dissolved «0.00050 DLM | 0.00050 mg/L 15-AUG-18 | R4169221 
Arsenic (As)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Dissolved 0.0391 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Dissolved <0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Dissolved «0.000025 DLM | 0.000025 mg/L | 15-AUG-18 | R4169221 
Calcium (Ca)-Dissolved 39.9 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Dissolved «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Cobalt (Co)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Copper (Cu)-Dissolved «0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Dissolved «0.050 DLM 0.050 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Dissolved 0.0103 DLM | 0.0050 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Dissolved 11.9 DLM 0.10 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Dissolved «0.25 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Dissolved 1.89 DLM 0.50 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Dissolved 0.0015 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Dissolved «0.00025 DLM 0.00025 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Dissolved 3.32 DLM 0.25 mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Dissolved «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Dissolved 12.5 DLM 1.0 mg/L 15-AUG-18 | R4169221 
Strontium (Sr)-Dissolved 0.124 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Sulfur (S)-Dissolved 7.7 DLM 2.5 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Dissolved «0.0010 DLM 0.0010 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Dissolved «0.000050 DLM | 0.000050 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 
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Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* 0.1. Units Extracted Analyzed Batch 

L2134998-4 DUPLICATE 

Sampled By: НК,АО on 24-JUL-18 @ 14:40 

Matrix: SW 
Dissolved Metals in Water by CRC ICPMS 
Thorium (Th)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Dissolved | «0.0015 DLM 0.0015 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Dissolved «0.00050 DLM 0.00050 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Dissolved | 0.000196 DLM 0.000050 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Dissolved «0.0025 DLM 0.0025 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Dissolved «0.0050 DLM 0.0050 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Dissolved «0.00030 DLM 0.00030 mg/L 15-AUG-18 | R4169221 


L2134998-5 TB (TRIP BLANK) 
Sampled By: НК,АО on 24-JUL-18 @ 12:30 
Matrix: SW | | 


GROUP 1 - RAMP 

Color, True | | 

Color, True | <2.0 | 2.0 C.U. 25-JUL-18 | R4140429 

lon Balance Calculation 

lon Balance Low TDS % 15-AUG-18 

TDS (Calculated) | <1.0 mg/L 15-AUG-18 

Hardness (as CaCO3) | <1.0 mg/L 15-AUG-18 

Total Dissolved Solids | 

Total Dissolved Solids | <10 10 mg/L 31-JUL-18 | R4152878 

Total Suspended Solids 

Total Suspended Solids | <3.0 3.0 mg/L 31-JUL-18 | R4152825 

pH, Conductivity and Alkalinity (T & P) | 

pH | 5.89 0.10 pH 04-AUG-18 | R4159313 

Conductivity (EC) | <2.0 2.0 uS/cm 04-AUG-18 | R4159313 

Bicarbonate Alkalinity (as НСОЗ) <5.0 5.0 mg/L 04-AUG-18 | R4159313 

Carbonate Alkalinity (as CO3) <5.0 5.0 mg/L 04-AUG-18 | R4159313 

Hydroxide Alkalinity (as OH) | <5.0 5.0 mg/L 04-AUG-18 | R4159313 

Alkalinity, Phenolphthalein (as CaCO3) <2.0 2.0 mg/L 04-AUG-18 | R4159313 

Alkalinity, Total (as CaCO3) «2.0 2.0 mg/L 04-AUG-18 | R4159313 
GROUP 2 - RAMP | | 

Chloride in Water by IC 

Chloride (Cl) | «0.50 | 0.50 mg/L | 25-JUL-18 | R4140058 

Sulfate in Water by IC | | 

Sulfate (SO4) «0.30 0.30 mg/L 25-JUL-18 | R4140058 
GROUP 3 - RAMP | 

Ammonia in Water by Colour | | 

Ammonia, Total (as N) <0.050 0.050 mg/L 31-JUL-18 | R4151740 

Nitrate in Water by IC | 

Nitrate (as N) «0.020 0.020 mg/L | 25-JUL-18 | R4140058 

Nitrate+Nitrite | 

Nitrate and Nitrite (as М) | «0.022 0.022 mg/L 27-JUL-18 

Nitrite in Water by IC 

Nitrite (as N) «0.010 0.010 mg/L 25-JUL-18 | R4140058 

TKN in Water by Colour | 

Total Kjeldahl Nitrogen «0.20 0.20 mg/L 15-AUG-18 | 16-AUG-18 | R4173328 

Total Dissolved P in Water by Colour 

Phosphorus (P)-Total Dissolved «0.0010 0.0010 mg/L 20-AUG-18 | R4178596 

Total P in Water by Colour 

Phosphorus (P)-Total «0.0010 0.0010 mg/L | 20-AUG-18 | R4178596 
GROUP 5 - RAMP HATFIELD 

Hydrocarbons,Rec. (I.R.) 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001134 


Document Released Under the Access to 
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Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2134998-5 TB (TRIP BLANK) | 

Sampled By: | HK,AO on 24-JUL-18 @ 12:30 

Matrix: SW 
Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (I.R.) <1.0 1.0 mg/L 23-AUG-18 | R4182123 

Dissolved Metals | 

Total Metals 
Miscellaneous Parameters 
Biochemical Oxygen Demand <2.0 2.0 mg/L 25-JUL-18 | R4147072 
Chlorine, Total «0.10 | 0.10 mg/L 25-JUL-18 | R4145624 
Orthophosphate-Dissolved (as P) «0.010 0.010 mg/L 25-JUL-18 | R4139994 
Dissolved Organic Carbon «0.50 0.50 mg/L 15-AUG-18 | R4172341 
Naphthenic Acids 0.33 0.10 mg/L 03-AUG-18 | 03-AUG-18 | R4158897 
Phenols (4AAP) «0.0010 0.0010 mg/L 03-AUG-18 | R4158089 
Boron (B)-Total 0.0079 RRV 0.0020 mg/L 15-AUG-18 | R4169221 
Total Organic Carbon «0.50 0.50 mg/L 15-AUG-18 | R4172270 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total «0.0030 0.0030 mg/L 15-AUG-18 | R4169221 
Antimony (Sb)-Total «0.00010 0.00010 mg/L 15-AUG-18 | R4169221 
Arsenic (As)-Total <0.00010 | 0.00010 mg/L 15-AUG-18 | R4169221 
Barium (Ba)-Total 0.00023 | RRV 0.00010 mg/L 15-AUG-18 | R4169221 
Beryllium (Be)-Total «0.00010 0.00010 mg/L 15-AUG-18 | R4169221 
Bismuth (Bi)-Total <0.000050 0.000050 mg/L 15-AUG-18 | R4169221 
Cadmium (Cd)-Total 0.0000066 RRV |0.0000050 mg/L 15-AUG-18 | R4169221 
Calcium (Ca)-Total «0.050 0.050 mg/L 15-AUG-18 | R4169221 
Cesium (Cs)-Total «0.000010 0.000010 mg/L 15-AUG-18 | R4169221 
Chromium (Cr)-Total «0.00010 0.00010 mg/L | 15-AUG-18 | R4169221 
Cobalt (Co)-Total «0.00010 0.00010 mg/L | 15-AUG-18 | R4169221 
Copper (Cu)-Total «0.00050 0.00050 mg/L 15-AUG-18 | R4169221 
Iron (Fe)-Total «0.010 0.010 mg/L 15-AUG-18 | R4169221 
Lead (Pb)-Total «0.000050 0.000050 mg/L 15-AUG-18 | R4169221 
Lithium (Li)-Total <0.0010 0.0010 mg/L 15-AUG-18 | R4169221 
Magnesium (Mg)-Total «0.0050 0.0050 mg/L 15-AUG-18 | R4169221 
Manganese (Mn)-Total «0.00010 0.00010 mg/L 15-AUG-18 | R4169221 
Molybdenum (Mo)-Total <0.000050 0.000050 mg/L 15-AUG-18 | R4169221 
Nickel (Ni)-Total <0.00050 0.00050 mg/L 15-AUG-18 | R4169221 
Phosphorus (P)-Total «0.050 0.050 mg/L 15-AUG-18 | R4169221 
Potassium (K)-Total «0.050 0.050 mg/L 15-AUG-18 | R4169221 
Rubidium (Rb)-Total «0.00020 | 0.00020 | mg/L 15-AUG-18 | R4169221 
Selenium (Se)-Total «0.000050 0.000050 mg/L 15-AUG-18 | R4169221 
Silicon (Si)-Total «0.10 0.10 mg/L 15-AUG-18 | R4169221 
Silver (Ag)-Total «0.000010 0.000010 mg/L 15-AUG-18 | R4169221 
Sodium (Na)-Total «0.050 0.050 mg/L 15-AUG-18 |R4169221 | 
Strontium (Sr)-Total <0.00020 0.00020 mg/L 15-AUG-18 |R4169221 | 
Sulfur (S)-Total «0.50 0.50 mg/L 15-AUG-18 | R4169221 
Tellurium (Te)-Total «0.00020 0.00020 mg/L 15-AUG-18 | R4169221 
Thallium (TI)-Total «0.000010 | 0.000010 mg/L 15-AUG-18 | R4169221 
Thorium (Th)-Total «0.00010 0.00010 mg/L 15-AUG-18 | R4169221 
Tin (Sn)-Total «0.00010 , 0.00010 mg/L 15-AUG-18 | R4169221 
Titanium (Ti)-Total «0.00030 0.00030 mg/L 15-AUG-18 | R4169221 
Tungsten (W)-Total «0.00010 0.00010 mg/L 15-AUG-18 | R4169221 
Uranium (U)-Total «0.000010 0.000010 mg/L 15-AUG-18 | R4169221 
Vanadium (V)-Total <0.00050 0.00050 mg/L 15-AUG-18 | R4169221 
Zinc (Zn)-Total <0.0030 0.0030 mg/L 15-AUG-18 | R4169221 
Zirconium (Zr)-Total «0.000060 0.000060 mg/L 15-AUG-18 | R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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ALS ENVIRONMENTAL ANALYTICAL REPORT 


< 
Sample Details/Parameters 


L2134998-5 
Sampled By: 
Matrix: 


TB (TRIP BLANK) 
НКАО on 24-JUL-18 @ 12:30 
Sw 


Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location 


Boron (B)-Dissolved 


Dissolved Metals in Water by CRC ICPMS 


Dissolved Metals Filtration Location 


Aluminum (Al)-Dissolved 
Antimony (Sb)-Dissolved 
Arsenic (As)-Dissolved 
Barium (Ba)-Dissolved 
Beryllium (Be)-Dissolved 
Bismuth (Bi)-Dissolved 
Cadmium (Cd)-Dissolved 
Calcium (Ca)-Dissolved 
Cesium (Cs)-Dissolved 
Chromium (Cr)-Dissolved 
Cobalt (Co)-Dissolved 
Copper (Cu)-Dissolved 

Iron (Fe)-Dissolved 

Lead (Pb)-Dissolved 
Lithium (Li)-Dissolved 
Magnesium (Mg)-Dissolved 
Manganese (Mn)-Dissolved 


Molybdenum (Mo)-Dissolved 


Nickel (Ni)-Dissolved 
Phosphorus (P)-Dissolved 
Potassium (K)-Dissolved 
Rubidium (Rb)-Dissolved 
Selenium (Se)-Dissolved 
Silicon (Si)-Dissolved 
Silver (Ag)-Dissolved 
Sodium (Na)-Dissolved 
Strontium (Sr)-Dissolved 
Sulfur (S)-Dissolved 
Tellurium (Te)-Dissolved 
Thallium (TI)-Dissolved 
Thorium (Th)-Dissolved 
Tin (Sn)-Dissolved 
Titanium (Ti)-Dissolved 
Tungsten (W)-Dissolved 
Uranium (U)-Dissolved 
Vanadium (V)-Dissolved 
Zinc (Zn)-Dissolved 
Zirconium (Zr)-Dissolved 


Result 


FIELD 
0.0093 


FIELD 
«0.0010 
«0.00010 
«0.00010 
0.00022 
«0.00010 
«0.000050 
«0.0000050 
«0.50 
«0.000010 
«0.00010 
«0.00010 
«0.00020 
«0.010 
«0.000050 
«0.0010 
«0.10 
«0.00010 
«0.000050 
«0.00050 
«0.050 
«0.50 
«0.00020 
«0.000050 
«0.050 
«0.000010 
«1.0 
«0.00020 
«0.50 
«0.00020 
«0.000010 
«0.00010 
«0.00010 
«0.00030 
«0.00010 
«0.000010 
«0.00050 
«0.0010 
«0.00030 


Version: FINAL 
Qualifier* D.L. Units Extracted Analyzed Batch 

14-AUG-18 | R4169219 
RRV 0.0020 mg/L 15-AUG-18 | R4169221 
14-AUG-18 | R4169219 
0.0010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.000050 mg/L 15-AUG-18 | R4169221 
0.0000050 mg/L 15-AUG-18 | R4169221 
0.50 mg/L 15-AUG-18 | R4169221 
0.000010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00020 mg/L 15-AUG-18 | R4169221 
0.010 mg/L 15-AUG-18 | R4169221 
0.000050 mg/L 15-AUG-18 | R4169221 
0.0010 mg/L 15-AUG-18 | R4169221 
0.10 mg/L | 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.000050 mg/L 15-AUG-18 | R4169221 
0.00050 mg/L | 15-AUG-18 | R4169221 
0.050 mg/L 15-AUG-18 | R4169221 
0.50 mg/L 15-AUG-18 | R4169221 
0.00020 mg/L 15-AUG-18 | R4169221 
0.000050 mg/L 15-AUG-18 | R4169221 
0.050 mg/L 15-AUG-18 | R4169221 
0.000010 mg/L 15-AUG-18 | R4169221 
1.0 mg/L 15-AUG-18 | R4169221 
0.00020 mg/L 15-AUG-18 | R4169221 
0.50 mg/L 15-AUG-18 | R4169221 
| 0.00020 mg/L 15-AUG-18 | R4169221 
0.000010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.00030 mg/L | 15-AUG-18 | R4169221 
0.00010 mg/L 15-AUG-18 | R4169221 
0.000010 mg/L 15-AUG-18 | R4169221 
0.00050 mg/L 15-AUG-18 | R4169221 
0.0010 mg/L 15-AUG-18 | R4169221 
0.00030 mg/L 15-AUG-18 |R4169221 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Reference Information Vertions FINAL 

Sample Parameter Qualifier Key: Е 

Qualifier Description 

DLM Detection Limit Adjusted due to sample matrix effects (e.g. chemical interference, colour, turbidity). 

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample. 

RRV Reported Result Verified By Repeat Analysis 
Test Method References: - 

ALS Test Code Matrix Test Description Method Reference** 

B-D-L-CCMS-CL Water Dissolved Boron by CRC CCMS APHA 3030B/6020A (mod) 


This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procudure involves filtration (APHA 3030B&E), then instrumental analysis is by collision cell 
inductively coupled plasma - mass spectrometry (modifed from EPA Method 60204). 


B-T-L-CCMS-CL Water Total B (Low) in Water by CRC ICPMS EPA 200.2/6020A (mod) 
Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS. 


Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 


BOD-ED Water Biochemical Oxygen Demand (BOD) APHA 5210 B-5 day Incub.-O2 electrode 


Samples are diluted and seeded and then incubated in airtight bottles at 20 C for 5 days. Dissolved oxygen is measured initially and after incubation, 
and results are computed from the difference between initial and final DO. 


C-DOC-HTC-WP Water Dissolved Organic Carbon by Combustion APHA 5310 B-WP 


Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer. 


C-TOC-HTC-WP Water Total Organic Carbon by Combustion APHA 5310 B-WP 


Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer. 


CHL/A-ACET-FLUORO- Water Chlorophyll a by fluorometry EPA 445.0 ACET 
WP 


This analysis is done using procedures modified from EPA method 445.0. Chlorophyll a is determined by a 90 % acetone extraction followed with 
analysis by fluorometry using the non-acidification procedure. This method is not subject to interferences from chlorophyll b. 


CL-IC-N-ED Water Chloride in Water by IC EPA 300.1 (mod) 


Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 


CL2-TOT-ED Water Chlorine, Total APHA 4500 CI G-Colorimetry 


Chlorine (residual), as free or total, is analyzed using the DPD colourimetric method. The recommended hold time for these tests is 15 minutes; field 
testing is recommended for best results. Chlorine can be rapidly consumed by organic matter, if present, and dissipates rapidly into headspace. 


COL-TRU-ED Water Color, True APHA 2120 


True Colour is measured using a colorimeter by comparison to platinum-cobalt standards using the single wavelength method (450 - 465 nm) after 
filtration of sample through a 0.45 um filter. Colour measurements can be highly pH dependent, and apply to the pH of the sample as received (at time 
of testing), without pH adjustment. Concurrent measurement of sample pH is recommended. 


HG-D-U-CVAF-VA Water Diss. Mercury in Water by CVAFS (Ultra) APHA 3030 B / EPA 1631 REV. E 


This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from Method 1631 Rev. E. by the United States Environmental Protection Agency 
(EPA). The procedure may involve preliminary sample treatment by filtration (APHA 3030B) and involves a cold-oxidation of the acidified sample using 
bromine monochloride prior to a purge and trap concentration step and final reduction of the sample with stannous chloride. Instrumental analysis is by 
cold vapour atomic fluorescence spectrophotometry. 


HG-T-U-CVAF-VA Water Total Mercury in Water by CVAFS (Ultra) EPA 1631 REV. E 


This analysis is carried out using procedures adapted from Method 1631 Rev. E. by the United States Environmental Protection Agency (EPA). The 
procedure involves a cold-oxidation of the acidified sample using bromine monochloride prior to a purge and trap concentration step and final reduction 
of the sample with stannous chloride. Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry. 


HOG-IR-ED Water Hydrocarbons,Rec. (I.R.) APHA 5520 C-Tetra CI Ext Infrared 


A water sample is acidified and then liquid-liquid extracted using tetrachloroethylene solvent, followed by filtration of the decanted solvent into a 
volumetric flask. The extract is treated with silica gel to remove polar, naturally-occurring hydrocarbons, to yield mineral oil and grease. Finally, the 
extract is brought to a discrete final volume and analysed by infrared spectrophotometry. The absorbance of the carbon-hydrogen bond in the infrared is 
used to measure oil and grease. Spectra are collected in transmission mode using a glass cuvette. 
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Reference Information Version: FINAL 
Test Method References: == | 
ALS Test Code Matrix Test Description Method Reference** 
IONBALANCE-ED Water lon Balance Calculation APHA 1030E 
MET-D-CCMS-CL Water Dissolved Metals in Water by CRC ICPMS APHA 3030B/6020A (mod) 


Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS. 


Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 
MET-T-CCMS-CL Water Total Metals in Water by CRC ICPMS EPA 200.2/6020A (mod) 
Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS. 


Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 
NAPHTHENIC ACID-L-FM Water Naphthenic Acids by FTIR (Low Level) Naphthenic Acids by FTIR,Syncrude,1994 


Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy. Note that FTIR is not uniquely selective to naphthenic acids. If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method. 


NH3-COL-ED Water Ammonia in Water by Colour APHA 4500 NH3-NITROGEN (AMMONIA) 


This analysis is carried out using procedures adapted from APHA Method 4500 NH3 "NITROGEN (AMMONIA)". Ammonia is determined using the 
automated phenate colourimetric method. 


NO2*NO3-CALC-ED Water Nitrate+Nitrite CALCULATION 
NO2-IC-N-ED Water Nitrite in Water by IC EPA 300.1 (mod) 


Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 


NO3-IC-N-ED Water Nitrate in Water by IC EPA 300.1 (mod) 


Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 


P-T-L-COL-ED Water Total P in Water by Colour APHA 4500-P PHOSPHORUS 


This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample. 


P-TD-L-COL-ED Water Total Dissolved P in Water by Colour APHA 4500-P PHOSPHORUS 


This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorous is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter. 


PH/EC/ALKS-ED Water pH, Conductivity and Alkalinity (T & P) APHA 4500-H, 2510, 2320 


All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed) 


PHENOLS-4AAP-WT Water Phenol (4AAP) EPA 9066 


An automated method is used to distill the sample. The distillate is then buffered to pH 9.4 which reacts with 4AAP and potassium ferricyanide to form a 
red complex which is measured colorimetrically. 


PO4-DO-COL-ED Water Diss. Orthophosphate in Water by Colour APHA 4500-P PHOSPHORUS 


This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Dissolved Orthophosphate is determined 
colourimetrically on a sample that has been lab or field filtered through a 0.45 micron membrane filter. 


SO4-IC-N-ED Water Sulfate in Water by IC EPA 300.1 (mod) 
Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 

SOLIDS-TDS-ED Water Total Dissolved Solids APHA 2540 C 
Gravimetric determination of solids in waters by filtration and evaporating filtrate to dryness at 180 degrees Celsius. 
SOLIDS-TOTSUS-ED Water Total Suspended Solids APHA 2540 D-Gravimetric 
Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius. 

TKN-CFA-ED Water TKN in Water by Colour APHA 4500-NORG (TKN) 


This analysis is carried out using procedures adapted from АРНА Method 4500-Norg "Nitrogen (Organic)". Total Kjeldahl Nitrogen is determined by 
sample digestion at 380 celcius with analysis using an automated colourimetric finish. 


** ALS test methods may incorporate modifications from specified reference methods to improve performance. 


The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below: 
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Reference Information Version -FINAL 

Test Method References: 

ALS Test Code Matrix Test Description Method Reference** 

Laboratory Definition Code Laboratory Location 

FM ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA 

ED ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA 

WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA 

МР ALS ENVIRONMENTAL - WINNIPEG, MANITOBA, CANADA 

VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA 

CL ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA 


Chain of Custody Numbers: 


GLOSSARY OF REPORT TERMS 

Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there. 

mg/kg - milligrams per kilogram based on dry weight of sample 

mg/kg wwt - milligrams per kilogram based on wet weight of sample 

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight 

mg/L - unit of concentration based on volume, parts per million. 

« -Less than. 

D.L. - The reporting limit. 

N/A - Result not available. Refer to qualifier code and definition for explanation. 


Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 
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AUS 
Environmental 


Client: Hatfield Consultants 


Workorder: 


Suite A 300 Mackenzie BLVD 
Fort McMurray AB T9H 4C4 
Contact: Chris Jaeggle/Andrew Aogorman 


Test Matrix 


Reference 


Result 


Quality Control Report 
L2134998 


Units 


Report Date: 24-AUG-18 


RPD 


Page 1 of 29 


Limit 


Analyzed 


B-D-L-CCMS-CL Water 
Batch R4169221 
WG2849455-12 LCS 
Boron (B)-Dissolved 


WG2849455-4 LCS 
Boron (B)-Dissolved 


WG2849455-9 LCS 
Boron (B)-Dissolved 


WG2849455-11 MB 
Boron (B)-Dissolved 


WG2849455-3 MB 
Boron (B)-Dissolved 


WG2849455-8 MB 
Boron (B)-Dissolved 


B-T-L-CCMS-CL Water 


Batch R4159507 


WG2841741-1 MB 
Boron (B)-Total 


Batch R4159880 
WG2841741-5 LCS 
Boron (B)-Total 


WG2841741-4 MB 
Boron (B)-Total 


Batch R4160413 
WG2841741-8 LCS 
Boron (B)-Total 


WG2841741-7 MB 
Boron (B)-Total 
Batch R4169221 


WG2841741-3 DUP 
Boron (B)-Total 


BOD-ED Water 


Batch R4147072 
WG2832038-2 LCS 
Biochemical Oxygen Demand 


WG2832038-4 MB 
Biochemical Oxygen Demand 


WG2832038-3 RB 


TMRM 


TMRM 


TMRM 


TMRM 


TMRM 


L2134998-1 
0.071 


116.0 


<0.0020 


<0.0020 


<0.0020 


<0.0020 


101.5 


<0.0020 


99.1 


<0.0020 


0.071 


101.3 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


80-120 


80-120 


80-120 


0.002 


0.002 


0.002 


0.002 


80-120 


0.002 


85-115 


15-AUG-18 


15-AUG-18 


15-AUG-18 


15-AUG-18 


15-AUG-18 


15-AUG-18 


04-AUG-18 


06-AUG-18 


06-AUG-18 


08-AUG-18 


08-AUG-18 


15-AUG-18 


25-JUL-18 


25-JUL-18 
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AUS 


Environmental 
Test Matrix 
BOD-ED Water 
Batch R4147072 


WG2832038-3 RB 
Biochemical Oxygen Demand 


C-DOC-HTC-WP Water 


Batch R4172341 
WG2851176-6 LCS 
Dissolved Organic Carbon 


WG2851176-5 MB 
Dissolved Organic Carbon 
C-TOC-HTC-WP Water 


Batch R4172270 
WG2851218-6 LCS 
Total Organic Carbon 


WG2851218-5 MB 
Total Organic Carbon 


CHL/A-ACET-FLUORO-WP Water 


Batch R4168135 
WG2848054-4 DUP 
Chlorophyll a 
WG2848054-7 LCS 
Chlorophyll a 
WG2848054-1 MB 
Chlorophyll a 
WG2848054-2 MB 
Chlorophyll a 
WG2848054-3 MB 
Chlorophyll a 

CL-IC-N-ED Water 
Batch R4140058 
WG2831434-11 LCS 
Chloride (Cl) 
WG2831434-13 LCS 
Chloride (Cl) 
WG2831434-15 LCS 
Chloride (СІ) 
WG2831434-17 LCS 
Chloride (Cl) 


WG2831434-2 LCS 


Workorder: 


Reference 


L2134998-1 
1.61 


Quality Control Report 
L2134998 


Result Qualifier Units 
<2.0 mg/L 
97.9 % 
<0.50 mg/L 
97.9 % 
<0.50 mg/L 
1.83 ug/L 
109.1 % 
<0.10 ug/L 
<0.10 ug/L 
<0.10 ug/L 
101.7 % 
101.7 % 
101.8 % 
101.8 % 


Report Date: 24-AUG-18 
RPD 


13 


Page 2 of 29 

Limit Analyzed 

25-JUL-18 
80-120 15-AUG-18 
0.5 15-AUG-18 
80-120 15-AUG-18 
0.5 15-AUG-18 
35 25-JUL-18 
80-120 13-AUG-18 
0.1 25-JUL-18 
0.1 30-JUL-18 
0.1 31-JUL-18 
90-110 25-JUL-18 
90-110 25-JUL-18 
90-110 25-JUL-18 
90-110 25-JUL-18 
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ALS 


Environmental 
Workorder: 
Test Matrix Reference 
CL-IC-N-ED Water 
Batch R4140058 
WG2831434-2 LCS 
Chloride (CI) 
WG2831434-1 MB 
Chloride (Cl) 
WG2831434-12 MB 
Chloride (CI) 
WG2831434-14 MB 
Chloride (Cl) 
WG2831434-16 MB 
Chloride (Cl) 
WG2831434-18 MB 
Chloride (СІ) 
CL2-TOT-ED Water 
Batch R4145624 
WG2831913-3 DUP L2134998-1 
Chlorine, Total <0.10 
WG2831913-2 LCS 
Chlorine, Total 
WG2831913-1 MB 
Chlorine, Total 
COL-TRU-ED Water 
Batch R4140429 
WG2832318-3 DUP L2134998-4 
Color, True 41.1 
WG2832318-2 LCS 
Color, True 
WG2832318-1 MB 
Color, True 
HG-D-U-CVAF-VA Water 
Batch R4156372 
WG2838953-3 DUP L2134998-1 
Mercury (Hg)-Dissolved <0.00050 


WG2838953-2 LCS 
Mercury (Hg)-Dissolved 


WG2838953-1 MB LF 
Mercury (Hg)-Dissolved 


HG-T-U-CVAF-VA Water 


Result Qualifier 


100.8 


<0.50 


<0.50 


<0.50 


<0.50 


<0.50 


<0.10 RPD-NA 


98.0 


<0.10 


43.0 


96.8 


<2.0 


<0.00050 RPD-NA 
107.7 


<0.00050 


Quality Control Report 
L2134998 


Units 


% 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


% 


mg/L 


C.U. 


% 


C.U. 


ug/L 


% 


ug/L 


Report Date: 24-AUG-18 


RPD 


N/A 


4.6 


N/A 


Page 3 of 29 
Limit Analyzed 
90-110 25-JUL-18 
0.5 25-JUL-18 
0.5 25-JUL-18 
0.5 25-JUL-18 
0.5 25-JUL-18 
0.5 25-JUL-18 
15 25-JUL-18 
75-125 25-JUL-18 
0.1 25-JUL-18 
20 25-JUL-18 
85-115 25-JUL-18 
2 25-JUL-18 
20 02-AUG-18 
80-120 02-AUG-18 
0.0005 02-AUG-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 4 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
HG-T-U-CVAF-VA Water 
Batch R4152920 
WG2838982-2 LCS 
Mercury (Hg)-Total 117.2 % 80-120 01-AUG-18 
WG2838982-1 MB 
Mercury (Hg)-Total <0.00050 ug/L 0.0005 01-AUG-18 
WG2838982-4 MS L2134998-3 
Mercury (Hg)-Total 86.0 % 70-130 01-AUG-18 
Batch R4155671 
WG2840092-2 LCS 
Mercury (Hg)-Total 107.4 % 80-120 02-AUG-18 
WG2840092-1 MB 
Mercury (Hg)-Total <0.00050 ug/L 0.0005 02-AUG-18 
HOG-IR-ED Water 
Batch R4182123 
WG2857361-2 LCS 
Hydrocarbons, Recoverable (I.R.) 90.8 % 70-130 23-AUG-18 
WG2857361-1 MB 
Hydrocarbons, Recoverable (І.К.) <1.0 mg/L 1 23-AUG-18 
MET-D-CCMS-CL Water 
Batch R4169221 
WG2849455-12 LCS TMRM 
Aluminum (Al)-Dissolved 100.2 % 80-120 15-AUG-18 
Antimony (Sb)-Dissolved 111.1 % 80-120 15-AUG-18 
Arsenic (As)-Dissolved 97.8 % 80-120 15-AUG-18 
Barium (Ba)-Dissolved 101.4 % 80-120 15-AUG-18 
Beryllium (Be)-Dissolved 108.7 % 80-120 15-AUG-18 
Bismuth (Bi)-Dissolved 103.3 % 80-120 15-AUG-18 
Cadmium (Cd)-Dissolved 98.4 % 80-120 15-AUG-18 
Calcium (Ca)-Dissolved 100.2 % 80-120 15-AUG-18 
Cesium (Cs)-Dissolved 96.2 80-120 15-AUG-18 
Chromium (Cr)-Dissolved 99.4 % 80-120 15-AUG-18 
Cobalt (Co)-Dissolved 98.3 % 80-120 15-AUG-18 
Copper (Cu)-Dissolved 98.9 % 80-120 15-AUG-18 
Iron (Fe)-Dissolved 112.2 % 80-120 15-AUG-18 
Lead (Pb)-Dissolved 98.5 % 80-120 15-AUG-18 
Lithium (Li)-Dissolved 106.4 % 80-120 15-AUG-18 
Magnesium (Mg)-Dissolved 104.1 96 80-120 15-AUG-18 
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ALS 
Environmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 5 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 
WG2849455-12 LCS TMRM 
Manganese (Mn)-Dissolved 99.96 % 80-120 15-AUG-18 
Molybdenum (Mo)-Dissolved 104.8 % 80-120 15-AUG-18 
Nickel (Ni)-Dissolved 98.5 % 80-120 15-AUG-18 
Phosphorus (P)-Dissolved 107.2 % 70-130 15-AUG-18 
Potassium (K)-Dissolved 103.1 % 80-120 15-AUG-18 
Rubidium (Rb)-Dissolved 101.7 % 80-120 15-AUG-18 
Selenium (Se)-Dissolved 95.1 % 80-120 15-AUG-18 
Silicon (Si)-Dissolved 101.7 % 60-140 15-AUG-18 
Silver (Ag)-Dissolved 94.5 % 80-120 15-AUG-18 
Sodium (Na)-Dissolved 103.6 % 80-120 15-AUG-18 
Strontium (Sr)-Dissolved 105.2 % 80-120 15-AUG-18 
Sulfur (S)-Dissolved 117.8 % 80-120 15-AUG-18 
Tellurium (Te)-Dissolved 94.7 96 80-120 15-AUG-18 
Thallium (TI)-Dissolved 105.4 % 80-120 15-AUG-18 
Thorium (Th)-Dissolved 91.5 % 80-120 15-AUG-18 
Tin (Sn)-Dissolved 100.7 % 80-120 15-AUG-18 
Titanium (Ti)-Dissolved 96.8 % 80-120 15-AUG-18 
Tungsten (W)-Dissolved 110.5 % 80-120 15-AUG-18 
Uranium (U)-Dissolved 95.2 % 80-120 15-AUG-18 
Vanadium (V)-Dissolved 100.3 % 80-120 15-AUG-18 
Zinc (Zn)-Dissolved 92.2 % 80-120 15-AUG-18 
Zirconium (Zr)-Dissolved 98.4 % 80-120 15-AUG-18 
WG2849455-2 LCS TMRM 
Aluminum (Al)-Dissolved 102.6 % 80-120 14-AUG-18 
Antimony (Sb)-Dissolved 108.5 % 80-120 14-AUG-18 
Arsenic (As)-Dissolved 102.1 % 80-120 14-AUG-18 
Barium (Ba)-Dissolved 101.2 % 80-120 14-AUG-18 
Beryllium (Be)-Dissolved 99.4 % 80-120 14-AUG-18 
Bismuth (Bi)-Dissolved 97.6 % 80-120 14-AUG-18 
Cadmium (Cd)-Dissolved 101.5 % 80-120 14-AUG-18 
Calcium (Ca)-Dissolved 105.9 % 80-120 14-AUG-18 
Cesium (Cs)-Dissolved 97.3 % 80-120 14-AUG-18 
Chromium (Cr)-Dissolved 101.0 % 80-120 14-AUG-18 
Cobalt (Co)-Dissolved 103.1 % 80-120 14-AUG-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: 12134998 Report Date: 24-AUG-18 Page 6 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 

WG2849455-2 LCS TMRM 

Copper (Cu)-Dissolved 100.3 % 80-120 14-AUG-18 
Iron (Fe)-Dissolved 116.0 % 80-120 14-AUG-18 
Lead (Pb)-Dissolved 99.6 % 80-120 14-AUG-18 
Lithium (Li)-Dissolved 101.0 % 80-120 14-AUG-18 
Magnesium (Mg)-Dissolved 107.2 % 80-120 14-AUG-18 
Manganese (Mn)-Dissolved 102.0 % 80-120 14-AUG-18 
Molybdenum (Mo)-Dissolved 106.7 % 80-120 14-AUG-18 
Nickel (Ni)-Dissolved 101.5 % 80-120 14-AUG-18 
Phosphorus (P)-Dissolved 115.3 % 70-130 14-AUG-18 
Potassium (K)-Dissolved 103.2 % 80-120 14-AUG-18 
Rubidium (Rb)-Dissolved 104.9 % 80-120 14-AUG-18 
Selenium (Se)-Dissolved 100.1 % 80-120 14-AUG-18 
Silicon (Si)-Dissolved 103.2 % 60-140 14-AUG-18 
Silver (Ag)-Dissolved 95.4 % 80-120 14-AUG-18 
Sodium (Na)-Dissolved 105.5 % 80-120 14-AUG-18 
Strontium (Sr)-Dissolved 104.9 80-120 14-AUG-18 
Sulfur (S)-Dissolved 106.2 % 80-120 14-AUG-18 
Tellurium (Te)-Dissolved 96.9 % 80-120 14-AUG-18 
Thallium (TI)-Dissolved 99.2 % 80-120 14-AUG-18 
Thorium (Th)-Dissolved 89.0 % 80-120 14-AUG-18 
Tin (Sn)-Dissolved 103.8 % 80-120 14-AUG-18 
Titanium (Ti)-Dissolved 101.9 % 80-120 14-AUG-18 
Tungsten (W)-Dissolved 106.3 % 80-120 14-AUG-18 
Uranium (U)-Dissolved 91.3 % 80-120 14-AUG-18 
Vanadium (V)-Dissolved 103.7 % 80-120 14-AUG-18 
Zinc (Zn)-Dissolved 98.4 % 80-120 14-AUG-18 
Zirconium (Zr)-Dissolved 99.8 % 80-120 14-AUG-18 

WG2849455-4 LCS TMRM 

Aluminum (Al)-Dissolved 104.8 96 80-120 15-AUG-18 
Antimony (Sb)-Dissolved 113.6 % 80-120 15-AUG-18 
Arsenic (As)-Dissolved 100.7 % 80-120 15-AUG-18 
Barium (Ba)-Dissolved 102.9 % 80-120 15-АОС-18 
Beryllium (Be)-Dissolved 102.8 % 80-120 15-AUG-18 
Bismuth (Bi)-Dissolved 102.3 % 80-120 15-AUG-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 7 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 

WG2849455-4 LCS TMRM 

Cadmium (Cd)-Dissolved 100.6 % 80-120 15-AUG-18 
Calcium (Ca)-Dissolved 101.7 % 80-120 15-AUG-18 
Cesium (Cs)-Dissolved | 96.6 % 80-120 15-AUG-18 
Chromium (Cr)-Dissolved 103.0 % 80-120 15-AUG-18 
Cobalt (Co)-Dissolved 104.2 % 80-120 15-AUG-18 
Copper (Cu)-Dissolved 102.7 % 80-120 15-AUG-18 
Iron (Fe)-Dissolved 117.5 % 80-120 15-AUG-18 
Lead (Pb)-Dissolved 103.3 % 80-120 15-AUG-18 
Lithium (Li)-Dissolved 104.6 % 80-120 15-AUG-18 
Magnesium (Mg)-Dissolved 112.1 % 80-120 15-AUG-18 
Manganese (Mn)-Dissolved 103.3 % 80-120 15-AUG-18 
Molybdenum (Mo)-Dissolved 106.6 % 80-120 15-AUG-18 
Nickel (Ni)-Dissolved 102.7 % 80-120 15-AUG-18 
Phosphorus (P)-Dissolved 109.0 % 70-130 15-AUG-18 
Potassium (K)-Dissolved 105.7 % 80-120 15-AUG-18 
Rubidium (Rb)-Dissolved 108.4 % 80-120 15-AUG-18 
Selenium (Se)-Dissolved 97.9 % 80-120 15-AUG-18 
Silicon (Si)-Dissolved 104.2 % 60-140 15-AUG-18 
Silver (Ag)-Dissolved 95.2 % 80-120 15-AUG-18 
Sodium (Na)-Dissolved 103.8 % 80-120 15-AUG-18 
Strontium (Sr)-Dissolved 104.1 % 80-120 15-AUG-18 
Sulfur (S)-Dissolved 108.2 % 80-120 15-AUG-18 
Tellurium (Te)-Dissolved 97.7 % 80-120 15-AUG-18 
Thallium (TI)-Dissolved 104.6 % 80-120 15-AUG-18 
Thorium (Th)-Dissolved 93.9 % 80-120 15-AUG-18 
Tin (Sn)-Dissolved 103.8 % 80-120 15-AUG-18 
Titanium (Ti)-Dissolved 100.4 % 80-120 15-AUG-18 
Tungsten (W)-Dissolved 105.7 % 80-120 15-AUG-18 
Uranium (U)-Dissolved 96.7 % 80-120 15-AUG-18 
Vanadium (V)-Dissolved 104.7 % 80-120 15-AUG-18 
Zinc (Zn)-Dissolved 95.1 % 80-120 15-AUG-18 
Zirconium (Zr)-Dissolved 100.1 % 80-120 15-АОС-18 

WG2849455-9 LCS TMRM 

Aluminum (Al)-Dissolved 102.2 % 80-120 15-AUG-18 
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AUS 
Environmental 
Quality Control Report 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 

WG2849455-9 LCS TMRM 

Antimony (Sb)-Dissolved 107.7 % 80-120 15-AUG-18 
Arsenic (As)-Dissolved 99.0 % 80-120 15-AUG-18 
Barium (Ba)-Dissolved 98.8 % 80-120 15-AUG-18 
Beryllium (Be)-Dissolved 95.8 % 80-120 15-АОС-18 
Bismuth (Bi)-Dissolved 97.8 % 80-120 15-AUG-18 
Cadmium (Cd)-Dissolved 97.6 % 80-120 15-AUG-18 
Calcium (Ca)-Dissolved 99.8 % 80-120 15-AUG-18 
Cesium (Cs)-Dissolved 94.6 % 80-120 15-AUG-18 
Chromium (Cr)-Dissolved 101.4 % 80-120 15-AUG-18 
Cobalt (Co)-Dissolved 100.6 % 80-120 15-AUG-18 
Copper (Cu)-Dissolved 100.0 % 80-120 15-AUG-18 
Iron (Fe)-Dissolved 112.8 % 80-120 15-AUG-18 
Lead (Pb)-Dissolved 98.6 % 80-120 15-AUG-18 
Lithium (Li)-Dissolved 98.4 % 80-120 15-AUG-18 
Magnesium (Mg)-Dissolved 109.6 % 80-120 15-AUG-18 
Manganese (Mn)-Dissolved 100.8 % 80-120 15-AUG-18 
Molybdenum (Mo)-Dissolved 102.6 % 80-120 15-AUG-18 
Nickel (Ni)-Dissolved 99.9 % 80-120 15-AUG-18 
Phosphorus (P)-Dissolved 106.7 % 70-130 15-AUG-18 
Potassium (K)-Dissolved 102.5 % 80-120 15-AUG-18 
Rubidium (Rb)-Dissolved 101.3 % 80-120 15-AUG-18 
Selenium (Se)-Dissolved 95.2 % 80-120 15-AUG-18 
Silicon (Si)-Dissolved 101.2 % 60-140 15-AUG-18 
Silver (Ag)-Dissolved 93.6 % 80-120 15-AUG-18 
Sodium (Na)-Dissolved 107.0 % 80-120 15-AUG-18 
Strontium (Sr)-Dissolved 103.3 % 80-120 15-AUG-18 
Sulfur (S)-Dissolved 114.2 % 80-120 15-AUG-18 
Tellurium (Te)-Dissolved 90.8 % 80-120 15-AUG-18 
Thallium (TI)-Dissolved 99.5 % 80-120 15-АОС-18 
Thorium (Th)-Dissolved 86.2 % 80-120 15-AUG-18 
Tin (Sn)-Dissolved 100.2 % 80-120 15-AUG-18 
Titanium (Ti)-Dissolved 103.3 % 80-120 15-АОС-18 
Tungsten (W)-Dissolved 105.3 % 80-120 15-AUG-18 
Uranium (U)-Dissolved 91.1 % 80-120 15-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 

WG2849455-9 LCS TMRM 

Vanadium (V)-Dissolved 102.3 % 80-120 15-AUG-18 
Zinc (Zn)-Dissolved 93.8 % 80-120 15-AUG-18 
Zirconium (Zr)-Dissolved 97.4 % 80-120 15-AUG-18 

WG2849455-1 MB 

Aluminum (Al)-Dissolved <0.0010 mg/L 0.001 14-AUG-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 14-AUG-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005 14-AUG-18 
Calcium (Ca)-Dissolved «0.050 mg/L 0.05 14-AUG-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 14-AUG-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 14-AUG-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 14-AUG-18 
Lead (Pb)-Dissolved «0.000050 mg/L 0.00005 14-AUG-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 14-AUG-18 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 14-AUG-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 14-AUG-18 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 14-AUG-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 14-AUG-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 14-AUG-18 
Potassium (K)-Dissolved «0.050 mg/L 0.05 14-AUG-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 14-AUG-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 14-AUG-18 
Silicon (Si)-Dissolved «0.050 mg/L 0.05 14-AUG-18 
Silver (Ag)-Dissolved «0.000010 mg/L 0.00001 14-AUG-18 
Sodium (Na)-Dissolved «0.050 mg/L 0.05 14-AUG-18 
Strontium (Sr)-Dissolved «0.00020 mg/L 0.0002 14-AUG-18 
Sulfur (S)-Dissolved «0.50 mg/L 0.5 14-AUG-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 14-AUG-18 
Thallium (TI)-Dissolved «0.000010 mg/L 0.00001 14-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 
WG2849455-1 MB 
Thorium (Th)-Dissolved <0.00010 mg/L 0.0001 14-AUG-18 
Tin (Sn)-Dissolved <0.00010 mg/L 0.0001 14-AUG-18 
Titanium (Ti)-Dissolved <0.00030 mg/L 0.0003 14-AUG-18 
Tungsten (W)-Dissolved <0.00010 mg/L 0.0001 14-AUG-18 
Uranium (U)-Dissolved <0.000010 mg/L 0.00001 14-AUG-18 
Vanadium (V)-Dissolved <0.00050 mg/L 0.0005 14-AUG-18 
Zinc (Zn)-Dissolved <0.0010 mg/L 0.001 14-AUG-18 
Zirconium (Zr)-Dissolved <0.000060 mg/L 0.00006 14-AUG-18 
WG2849455-11 MB 
Aluminum (Al)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005  15-AUG-18 
Calcium (Ca)-Dissolved <0.050 mg/L 0.05 15-AUG-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 15-AUG-18 
Lead (Pb)-Dissolved «0.000050 ` mg/L 0.00005 15-AUG-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 15-AUG-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 15-AUG-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Potassium (K)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Silicon (Si)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Silver (Ag)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 
WG2849455-11 MB 
Sodium (Na)-Dissolved <0.050 mg/L 0.05 15-AUG-18 
Strontium (Sr)-Dissolved <0.00020 mg/L 0.0002 15-AUG-18 
Sulfur (S)-Dissolved <0.50 mg/L 0.5 15-AUG-18 
Tellurium (Te)-Dissolved <0.00020 mg/L 0.0002 15-AUG-18 
Thallium (TI)-Dissolved <0.000010 mg/L 0.00001 15-AUG-18 
Thorium (Th)-Dissolved <0.00010 mg/L 0.0001 15-AUG-18 
Tin (Sn)-Dissolved <0.00010 mg/L 0.0001 15-AUG-18 
Titanium (Ti)-Dissolved <0.00030 mg/L 0.0003 15-AUG-18 
Tungsten (W)-Dissolved <0.00010 mg/L 0.0001 15-AUG-18 
Uranium (U)-Dissolved <0.000010 mg/L 0.00001 15-AUG-18 
Vanadium (V)-Dissolved <0.00050 mg/L 0.0005 15-AUG-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 15-AUG-18 
WG2849455-3 MB 
Aluminum (Al)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005 15-AUG-18 
Calcium (Ca)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 15-AUG-18 
Lead (Pb)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 15-AUG-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 15-AUG-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 15-AUG-18 


001150 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 12 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 
WG2849455-3 MB 
Potassium (K)-Dissolved <0.050 mg/L 0.05 15-AUG-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Silicon (Si)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Silver (Ag)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Sodium (Na)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Strontium (Sr)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Sulfur (S)-Dissolved «0.50 mg/L 0.5 15-AUG-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Thallium (TI)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Thorium (Th)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Tin (Sn)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Titanium (Ti)-Dissolved «0.00030 mg/L 0.0003 15-AUG-18 
Tungsten (W)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Uranium (U)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Vanadium (V)-Dissolved «0.00050 mg/L 0.0005 15-AUG-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 15-AUG-18 
WG2849455-8 MB 
Aluminum (Al)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Cadmium (Cd)-Dissolved <0.000005С mg/L 0.000005 15-AUG-18 
Calcium (Ca)-Dissolved <0.050 mg/L 0.05 15-AUG-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 15-AUG-18 
Lead (Pb)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4169221 
WG2849455-8 MB 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 15-AUG-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 15-AUG-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Potassium (K)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 15-AUG-18 
Silicon (Si)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Silver (Ag)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Sodium (Na)-Dissolved «0.050 mg/L 0.05 15-AUG-18 
Strontium (Sr)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Sulfur (S)-Dissolved «0.50 mg/L 0.5 15-AUG-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 15-AUG-18 
Thallium (Tl)-Dissolved <0.000010 mg/L 0.00001 15-AUG-18 
Thorium (Th)-Dissolved <0.00010 mg/L 0.0001 15-AUG-18 
Tin (Sn)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Titanium (Ti)-Dissolved «0.00030 mg/L 0.0003 15-AUG-18 
Tungsten (W)-Dissolved «0.00010 mg/L 0.0001 15-AUG-18 
Uranium (U)-Dissolved «0.000010 mg/L 0.00001 15-AUG-18 
Vanadium (V)-Dissolved «0.00050 mg/L 0.0005 15-AUG-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 15-AUG-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 15-AUG-18 
MET-T-CCMS-CL Water 
Batch R4159507 
WG2841741-1 MB 
Aluminum (Al)-Total <0.0030 mg/L 0.003 04-AUG-18 
Antimony (Sb)-Total <0.00010 mg/L 0.0001 04-AUG-18 
Arsenic (As)-Total <0.00010 mg/L 0.0001 04-AUG-18 
Barium (Ba)-Total <0.00010 mg/L 0.0001 04-AUG-18 
Beryllium (Be)-Total <0.00010 mg/L 0.0001 04-AUG-18 
Bismuth (Bi)-Total <0.000050 mg/L 0.00005 04-AUG-18 
Cadmium (Cd)-Total <0.000005C mg/L 0.000005  04-AUG-18 
Calcium (Ca)-Total <0.050 mg/L 0.05 04-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4159507 

WG2841741-1 MB 

Cesium (Cs)-Total <0.000010 mg/L 0.00001 04-AUG-18 
Chromium (Cr)-Total «0.00010 mg/L 0.0001 04-AUG-18 
Cobalt (Co)-Total «0.00010 mg/L 0.0001 04-AUG-18 
Copper (Cu)-Total «0.00050 mg/L 0.0005 04-AUG-18 
Iron (Fe)-Total «0.010 mg/L 0.01 04-AUG-18 
Lead (Pb)-Total «0.000050 mg/L 0.00005 04-AUG-18 
Lithium (Li)-Total «0.0010 mg/L 0.001 04-AUG-18 
Magnesium (Mg)-Total «0.0050 mg/L 0.005 04-AUG-18 
Manganese (Mn)-Total «0.00010 mg/L 0.0001 04-AUG-18 
Molybdenum (Mo)-Total «0.000050 mg/L 0.00005 04-AUG-18 
Nickel (Ni)-Total «0.00050 mg/L 0.0005 04-AUG-18 
Phosphorus (P)-Total «0.050 mg/L 0.05 04-AUG-18 
Potassium (K)-Total «0.050 mg/L 0.05 04-AUG-18 
Rubidium (Rb)-Total «0.00020 mg/L 0.0002 04-AUG-18 
Selenium (Se)-Total «0.000050 mg/L 0.00005 04-AUG-18 
Silicon (Si)-Total «0.10 mg/L 0.1 04-AUG-18 
Silver (Ag)-Total «0.000010 mg/L 0.00001 04-AUG-18 
Sodium (Na)-Total «0.050 mg/L 0.05 04-AUG-18 
Strontium (Sr)-Total «0.00020 mg/L 0.0002 04-AUG-18 
Sulfur (S)-Total «0.50 mg/L 0.5 04-AUG-18 
Tellurium (Te)-Total «0.00020 mg/L 0.0002 04-AUG-18 
Thallium (TI)-Total «0.000010 mg/L 0.00001 04-AUG-18 
Thorium (Th)-Total «0.00010 mg/L 0.0001 04-AUG-18 
Tin (Sn)-Total «0.00010 mg/L 0.0001 04-AUG-18 
Titanium (Ti)-Total «0.00030 mg/L 0.0003 04-AUG-18 
Tungsten (W)-Total «0.00010 mg/L 0.0001 04-AUG-18 
Uranium (U)-Total «0.000010 mg/L 0.00001 04-AUG-18 
Vanadium (V)-Total «0.00050 mg/L 0.0005 04-AUG-18 
Zinc (Zn)-Total «0.0030 mg/L 0.003 04-AUG-18 
Zirconium (Zr)-Total «0.000060 mg/L 0.00006 04-AUG-18 

Batch R4159880 

WG2841741-5 LCS TMRM 

Aluminum (Al)-Total 99.0 % 80-120 06-AUG-18 
Antimony (Sb)-Total 98.0 % 80-120 06-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4159880 
WG2841741-5 LCS TMRM 
Arsenic (As)-Total 98.6 % 80-120 06-AUG-18 
Barium (Ba)-Total 98.5 % 80-120 06-AUG-18 
Вегућит (Be)-Total 99.4 % 80-120 06-AUG-18 
Bismuth (Bi)-Total 92.0 % 80-120 06-AUG-18 
Cadmium (Cd)-Total 102.2 % 80-120 06-AUG-18 
Calcium (Ca)-Total 102.3 % 80-120 06-AUG-18 
Cesium (Cs)-Total 96.7 % 80-120 06-AUG-18 
Chromium (Cr)-Total 98.3 % 80-120 06-AUG-18 
Cobalt (Co)-Total 98.1 % 80-120 06-AUG-18 
Copper (Cu)-Total 96.3 % 80-120 06-AUG-18 
Iron (Fe)-Total 102.9 % 80-120 06-AUG-18 
Lead (Pb)-Total 95.3 % 80-120 06-AUG-18 
Lithium (Li)-Total 99.6 % 80-120 06-AUG-18 
Magnesium (Mg)-Total 97.5 % 80-120 06-AUG-18 
Manganese (Mn)-Total 95.0 % 80-120 06-AUG-18 
Molybdenum (Mo)-Total 103.9 % 80-120 06-AUG-18 
Nickel (Ni)-Total 93.6 % 80-120 06-AUG-18 
Phosphorus (P)-Total 103.0 % 70-130 06-AUG-18 
Potassium (K)-Total 93.6 % 80-120 06-AUG-18 
Rubidium (Rb)-Total 95.5 % 80-120 06-AUG-18 
Selenium (Se)-Total 100.5 % 80-120 06-AUG-18 
Silicon (Si)-Total 107.0 % 60-140 06-AUG-18 
Silver (Ag)-Total 98.1 % 80-120 06-AUG-18 
Sodium (Na)-Total 99.6 % 80-120 06-AUG-18 
Strontium (Sr)-Total 101.7 % 80-120 06-AUG-18 
Sulfur (S)-Total 98.6 % 80-120 06-AUG-18 
Tellurium (Te)-Total 95.4 % 80-120 06-AUG-18 
Thallium (TI)- Total 90.1 % 80-120 06-AUG-18 
Thorium (Th)-Total 98.1 % 80-120 06-AUG-18 
Tin (Sn)-Total 98.1 % 80-120 06-AUG-18 
Titanium (Ti)-Total 98.1 % 80-120 06-AUG-18 
Tungsten (W)-Total 104.8 % 80-120 06-AUG-18 
Uranium (U)-Total 101.7 % 80-120 06-AUG-18 
Vanadium (V)-Total 96.6 % 80-120 06-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4159880 

WG2841741-5 LCS TMRM 

Zinc (Zn)-Total 98.0 % 80-120 06-AUG-18 
Zirconium (Zr)-Total 105.4 % 80-120 06-AUG-18 

WG2841741-4 MB 

Aluminum (Al)-Total «0.0030 mg/L 0.003 06-AUG-18 
Antimony (Sb)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Arsenic (As)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Barium (Ba)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Beryllium (Be)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Bismuth (Bi)-Total «0.000050 mg/L 0.00005 06-AUG-18 
Cadmium (Cd)-Total «0.000005C mg/L 0.000005  06-AUG-18 
Calcium (Ca)-Total «0.050 mg/L 0.05 06-AUG-18 
Cesium (Cs)-Total «0.000010 mg/L 0.00001 06-AUG-18 
Chromium (Cr)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Cobalt (Co)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Copper (Cu)-Total «0.00050 mg/L 0.0005 06-AUG-18 
Iron (Fe)-Total «0.010 mg/L 0.01 06-AUG-18 
Lead (Pb)-Total «0.000050 mg/L 0.00005 06-AUG-18 
Lithium (Li)-Total «0.0010 mg/L 0.001 06-AUG-18 
Magnesium (Mg)-Total «0.0050 mg/L 0.005 06-AUG-18 
Manganese (Mn)-Total «0.00010 mg/L 0.0001 06-AUG-18 
Molybdenum (Mo)-Total «0.000050 mg/L 0.00005 06-AUG-18 
Nickel (Ni)-Total «0.00050 mg/L 0.0005 06-AUG-18 
Phosphorus (P)-Total «0.050 mg/L 0.05 06-AUG-18 
Potassium (K)-Total «0.050 mg/L 0.05 06-AUG-18 
Rubidium (Rb)-Total «0.00020 mg/L 0.0002 06-AUG-18 
Selenium (Se)-Total «0.000050 mg/L 0.00005 06-AUG-18 
Silicon (Si)- Total «0.10 mg/L 0.1 06-AUG-18 
Silver (Ag)-Total «0.000010 mg/L 0.00001 06-AUG-18 
Sodium (Na)-Total «0.050 mg/L 0.05 06-AUG-18 
Strontium (Sr)-Total «0.00020 mg/L 0.0002 06-AUG-18 
Sulfur (S)-Total «0.50 mg/L 0.5 06-AUG-18 
Tellurium (Te)-Total «0.00020 mg/L 0.0002 06-AUG-18 
Thallium (TI)-Total «0.000010 mg/L 0.00001 06-AUG-18 
Thorium (Th)-Total «0.00010 mg/L 0.0001 06-AUG-18 


001155 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 17 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4159880 
WG2841741-4 MB 
Tin (Sn)-Total <0.00010 mg/L 0.0001 06-AUG-18 
Titanium (Ti)-Total <0.00030 mg/L 0.0003 06-AUG-18 
Tungsten (W)-Total <0.00010 mg/L 0.0001 06-AUG-18 
Uranium (U)-Total <0.000010 mg/L 0.00001 06-AUG-18 
Vanadium (V)-Total <0.00050 mg/L 0.0005 06-AUG-18 
Zinc (Zn)-Total <0.0030 mg/L 0.003 06-AUG-18 
Zirconium (Zr)-Total <0.000060 mg/L 0.00006 06-AUG-18 
Batch R4160413 
WG2841741-8 LCS TMRM 
Aluminum (Al)-Total 100.0 96 80-120 08-AUG-18 
Antimony (Sb)-Total 99.4 % 80-120 08-AUG-18 
Arsenic (As)-Total 99.1 % 80-120 08-AUG-18 
Barium (Ba)-Total 100.3 % 80-120 08-AUG-18 
Beryllium (Be)-Total 98.7 % 80-120 08-AUG-18 
Bismuth (Bi)-Total 96.6 % 80-120 08-AUG-18 
Cadmium (Cd)-Total 101.4 % 80-120 08-AUG-18 
Calcium (Ca)-Total 89.9 % 80-120 08-AUG-18 
Cesium (Cs)-Total 105.9 % 80-120 08-AUG-18 
Chromium (Cr)-Total 98.9 % 80-120 08-AUG-18 
Cobalt (Co)-Total 98.6 % 80-120 08-AUG-18 
Copper (Cu)-Total 99.1 % 80-120 08-AUG-18 
Iron (Fe)-Total 102.1 % 80-120 08-AUG-18 
Lead (Pb)-Total 95.3 % 80-120 08-AUG-18 
Lithium (Li)-Total 95.6 % 80-120 08-AUG-18 
Magnesium (Mg)-Total 102.2 % 80-120 08-AUG-18 
Manganese (Mn)-Total 97.1 % 80-120 08-AUG-18 
Molybdenum (Mo)-Total 90.5 % 80-120 08-AUG-18 
Nickel (Ni)-Total 99.0 % 80-120 08-AUG-18 
Phosphorus (P)-Total 99.2 % 70-130 08-AUG-18 
Potassium (K)-Total 99.5 % 80-120 08-AUG-18 
Rubidium (Rb)-Total 100.1 % 80-120 08-AUG-18 
Selenium (Se)-Total 96.2 % 80-120 08-AUG-18 
Silicon (Si)-Total 100.0 % 60-140 08-AUG-18 
Silver (Ag)-Total 108.1 % 80-120 08-AUG-18 
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AUS 
Environmental 
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Workorder: L2134998 Report Date: 24-AUG-18 Page 18 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4160413 
WG2841741-8 LCS TMRM 
Sodium (Na)-Total 99.9 % 80-120 08-AUG-18 
Strontium (Sr)-Total 85.0 % 80-120 08-AUG-18 
Sulfur (S)-Total 93.5 % 80-120 08-AUG-18 
Tellurium (Te)-Total 103.8 % 80-120 08-AUG-18 
Thallium (TI)-Total 97.0 % 80-120 08-AUG-18 
Thorium (Th)-Total 100.2 % 80-120 08-AUG-18 
Tin (Sn)-Total 102.0 % 80-120 08-AUG-18 
Titanium (Ti)-Total 92.3 % 80-120 08-AUG-18 
Tungsten (W)-Total 109.6 % 80-120 08-AUG-18 
Uranium (U)-Total 103.8 % 80-120 08-AUG-18 
Vanadium (V)-Total 99.7 % | 80-120 08-AUG-18 
Zinc (Zn)-Total 98.6 % 80-120 08-AUG-18 
Zirconium (Zr)-Total 92.2 % 80-120 08-AUG-18 
WG2841741-7 MB 
Aluminum (Al)-Total <0.0030 mg/L 0.003 08-AUG-18 
Antimony (Sb)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Arsenic (As)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Barium (Ba)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Beryllium (Be)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Bismuth (Bi)-Total «0.000050 mg/L 0.00005 08-AUG-18 
Cadmium (Cd)-Total «0.000005C mg/L 0.000005 — 08-AUG-18 
Calcium (Ca)-Total «0.050 mg/L 0.05 08-AUG-18 
Cesium (Cs)-Total «0.000010 mg/L 0.00001 08-AUG-18 
Chromium (Cr)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Cobalt (Co)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Copper (Cu)-Total «0.00050 mg/L 0.0005 08-AUG-18 
Iron (Fe)-Total «0.010 mg/L 0.01 08-AUG-18 
Lead (Pb)-Total «0.000050 mg/L 0.00005 08-AUG-18 
Lithium (Li)-Total «0.0010 mg/L 0.001 08-AUG-18 
Magnesium (Mg)-Total «0.0050 mg/L 0.005 08-AUG-18 
Manganese (Mn)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Molybdenum (Mo)-Total «0.000050 mg/L 0.00005 08-AUG-18 
Nickel (Ni)-Total «0.00050 mg/L 0.0005 08-AUG-18 
Phosphorus (P)-Total «0.050 mg/L 0.05 08-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4160413 
WG2841741-7 MB 
Potassium (K)-Total <0.050 mg/L 0.05 08-AUG-18 
Rubidium (Rb)-Total <0.00020 mg/L 0.0002 08-AUG-18 
Selenium (Se)-Total <0.000050 mg/L 0.00005 08-AUG-18 
Silicon (Si)-Total <0.10 mg/L 0.1 08-AUG-18 
Silver (Ag)-Total <0.000010 mg/L 0.00001 08-AUG-18 
Sodium (Na)-Total <0.050 mg/L 0.05 08-AUG-18 
Strontium (Sr)-Total <0.00020 mg/L 0.0002 08-AUG-18 
Sulfur (S)-Total «0.50 mg/L 0.5 08-AUG-18 
Tellurium (Te)-Total «0.00020 mg/L 0.0002 08-AUG-18 
Thallium (TI)-Total «0.000010 mg/L 0.00001 08-AUG-18 
Thorium (Th)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Tin (Sn)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Titanium (Ti)-Total «0.00030 mg/L 0.0003 08-AUG-18 
Tungsten (W)-Total «0.00010 mg/L 0.0001 08-AUG-18 
Uranium (U)-Total «0.000010 mg/L 0.00001 08-AUG-18 
Vanadium (V)-Total «0.00050 mg/L 0.0005 08-AUG-18 
Zinc (Zn)-Total «0.0030 mg/L 0.003 08-AUG-18 
Zirconium (Zr)-Total «0.000060 mg/L 0.00006 08-AUG-18 
Batch R4169221 
WG2841741-3 DUP L2134998-1 
Aluminum (Al)-Total 0.037 0.038 mg/L 1.2 20 15-AUG-18 
Antimony (Sb)-Total <0.00050 <0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Arsenic (As)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Barium (Ba)-Total 0.0418 0.0428 mg/L 2.5 20 15-AUG-18 
Beryllium (Be)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Bismuth (Bi)-Total «0.00025 «0.00025 RPD-NA mg/L N/A 20 15-AUG-18 
Cadmium (Cd)-Total «0.000025 «0.000025 RPD-NA mg/L N/A 20 15-AUG-18 
Calcium (Ca)-Total 45.6 46.5 mg/L 2.0 20 15-AUG-18 
Cesium (Cs)-Total «0.000050 «0.000050 RPD-NA mg/L N/A 20 15-AUG-18 
Chromium (Cr)-Total 0.00056 0.00066 mg/L 17 20 15-AUG-18 
Cobalt (Co)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Copper (Cu)-Total «0.0025 «0.0025 RPD-NA mg/L N/A 20 15-AUG-18 
Iron (Fe)-Total 0.152 0.158 mg/L 3.5 20 15-AUG-18 
Lead (Pb)-Total «0.00025 «0.00025 RPD-NA mg/L N/A 20 15-AUG-18 


001158 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
E€nuironmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 20 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4169221 
WG2841741-3 DUP L2134998-1 
Lithium (Li)-Total 0.0103 0.0108 mg/L 47 20 15-AUG-18 
Magnesium (Mg)-Total 12.6 13.2 mg/L 47 20 15-AUG-18 
Manganese (Mn)-Total 0.0152 0.0151 mg/L 0.5 20 15-AUG-18 
Molybdenum (Mo)-Total «0.00025 0.00027 RPD-NA mg/L N/A 20 15-AUG-18 
Nickel (Ni)-Total «0.0025 «0.0025 RPD-NA mg/L N/A 20 15-AUG-18 
Phosphorus (P)-Total «0.25 «0.25 RPD-NA mg/L N/A 20 15-AUG-18 
Potassium (K)-Total 2.00 2.07 mg/L 3.3 20 15-AUG-18 
Rubidium (Rb)-Total 0.0016 0.0016 mg/L 12 20 15-AUG-18 
Selenium (Se)-Total «0.00025 «0.00025 RPD-NA mg/L N/A 20 15-AUG-18 
Silicon (Si)-Total 3.36 3.45 mg/L 2.9 20 15-AUG-18 
Silver (Ag)-Total «0.000050 «0.000050 RPD-NA mg/L N/A 20 15-AUG-18 
Sodium (Na)-Total 13.0 13.4 mg/L 3.5 20 15-AUG-18 
Strontium (Sr)-Total 0.130 0.131 mg/L 0.7 20 15-AUG-18 
Sulfur (S)-Total 8.2 8.0 mg/L 2.5 20 15-AUG-18 
Tellurium (Te)-Total «0.0010 «0.0010 RPD-NA mg/L N/A 20 15-AUG-18 
Thallium (TI)-Total «0.000050 «0.000050 RPD-NA та. N/A 20 15-AUG-18 
Thorium (Th)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Tin (Sn)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Titanium (Ti)-Total «0.0015 «0.0015 RPD-NA mg/L N/A 20 15-AUG-18 
Tungsten (W)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 15-AUG-18 
Uranium (U)-Total 0.000209 0.000195 mg/L TA 20 15-AUG-18 
Vanadium (V)-Total <0.0025 <0.0025 RPD-NA mg/L N/A 20 15-AUG-18 
Zinc (Zn)-Total <0.015 <0.015 RPD-NA mg/L N/A 20 15-AUG-18 
Zirconium (Zr)-Total <0.00030 <0.00030 RPD-NA mg/L N/A 20 15-AUG-18 
NAPHTHENIC ACID-L-FM Water 
Batch R4158897 
WG2840308-8 DUP L2134998-1 
Naphthenic Acids 0.29 0.27 mg/L 7.0 30 03-AUG-18 
WG2840308-6 LCS 
Naphthenic Acids 101.3 % 70-130 03-AUG-18 
WG2840308-5 MB 
Naphthenic Acids <0.10 mg/L 0.1 03-AUG-18 
WG2840308-7 MS L2134998-5 
Naphthenic Acids 62.5 % 50-150 03-AUG-18 
NH3-COL-ED Water 


001159 


ALS 


Environmental 


Test 


NH3-COL-ED 


Batch R4151740 
WG2837742-2 LCS 
Ammonia, Total (as N) 


WG2837742-8 LCS 
Ammonia, Total (as N) 


WG2837742-1 MB 
Ammonia, Total (as N) 


WG2837742-7 MB 
Ammonia, Total (as N) 


Batch R4152602 
WG2838727-10 LCS 
Ammonia, Total (as N) 


WG2838727-2 LCS 
Ammonia, Total (as N) 


WG2838727-6 LCS 
Ammonia, Total (as N) 


WG2838727-8 LCS 
Ammonia, Total (as N) 


WG2838727-1 MB 
Ammonia, Total (as N) 


WG2838727-5 MB 
Ammonia, Total (as N) 


WG2838727-7 MB 
Ammonia, Total (as N) 


WG2838727-9 MB 
Ammonia, Total (as N) 


NO2-IC-N-ED 
Batch R4140058 


WG2831434-11 LCS 
Nitrite (as N) 


WG2831434-13 LCS 
Nitrite (as N) 


WG2831434-15 LCS 
Nitrite (as N) 


WG2831434-17 LCS 
Nitrite (as N) 


WG2831434-2 LCS 
Nitrite (as N) 


WG2831434-1 МВ 


Matrix 


Water 


Water 
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Analyzed 


Limit 


85-115 


85-115 


0.05 


0.05 


85-115 


85-115 


85-115 


85-115 


0.05 


0.05 


0.05 


0.05 


90-110 


90-110 


90-110 


90-110 


90-110 


31-JUL-18 


31-JUL-18 
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31-JUL-18 


01-AUG-18 


01-AUG-18 
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01-AUG-18 


01-AUG-18 


01-AUG-18 


01-AUG-18 


01-AUG-18 


25-JUL-18 


25-JUL-18 


25-JUL-18 


25-JUL-18 


25-JUL-18 
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Workorder: L2134998 Report Date: 24-AUG-18 Page 22 of 29 
Test Matrix Result Units Limit Analyzed 
NO2-IC-N-ED Water 
Batch R4140058 
WG2831434-1 МВ 
Nitrite (as N) «0.010 mg/L 0.01 25-JUL-18 
WG2831434-12 MB 
Nitrite (as N) «0.010 mg/L 0.01 25-JUL-18 
WG2831434-14 MB 
Nitrite (as N) «0.010 mg/L 0.01 25-JUL-18 
WG2831434-16 MB 
Nitrite (as N) «0.010 mg/L 0.01 25-JUL-18 
WG2831434-18 MB 
Nitrite (as N) «0.010 mg/L 0.01 25-JUL-18 
NO3-IC-N-ED Water 
Batch R4140058 
WG2831434-11 LCS 
Nitrate (as N) 101.2 % 90-110 25-JUL-18 
WG2831434-13 LCS 
Nitrate (as N) 101.2 % 90-110 25-01-18 
WG2831434-15 LCS 
Nitrate (as N) 101.1 % 90-110 25-JUL-18 
WG2831434-17 LCS 
Nitrate (as N) 101.1 % 90-110 25-JUL-18 
WG2831434-2 LCS 
Nitrate (as N) 100.3 96 90-110 25-JUL-18 
WG2831434-1 MB 
Nitrate (as N) «0.020 mg/L 0.02 25-JUL-18 
WG2831434-12 MB 
Nitrate (as N) «0.020 mg/L 0.02 25-JUL-18 
WG2831434-14 MB 
Nitrate (as N) «0.020 mg/L 0.02 25-JUL-18 
WG2831434-16 MB 
Nitrate (as N) «0.020 mg/L 0.02 25-JUL-18 
WG2831434-18 MB 
Nitrate (as N) «0.020 mg/L 0.02 25-JUL-18 
P-T-L-COL-ED Water 
Batch R4178596 
WG2853120-2 LCS 
Phosphorus (P)-Total 97.2 % 80-120 20-AUG-18 
WG2853120-1 MB 
Phosphorus (P)-Total «0.0010 mg/L 0.001 20-AUG-18 
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Page 23 of 29 


Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
P-TD-L-COL-ED Water 
Batch R4178596 

WG2853120-2 LCS 

Phosphorus (P)-Total Dissolved 96.0 % 80-120 20-AUG-18 
WG2853120-1 MB 

Phosphorus (P)-Total Dissolved «0.0010 mg/L 0.001 20-AUG-18 

PH/EC/ALKS-ED Water 
Batch R4159313 

WG2841731-37 DUP L2134998-1 

pH 8.21 8.22 J pH 0.01 0.3 04-AUG-18 

Conductivity (EC) 325 321 uS/cm 1.2 10 04-AUG-18 

Bicarbonate Alkalinity (as HCO3) 190 188 mg/L 1.0 25 04-AUG-18 

Carbonate Alkalinity (as CO3) <5.0 <5.0 RPD-NA mg/L N/A 25 04-AUG-18 

Hydroxide Alkalinity (as OH) «5.0 «5.0 RPD-NA mg/L N/A 25 04-AUG-18 

Alkalinity, Phenolphthalein (as CaCO3) «2.0 «20 RPD-NA mg/L N/A 25 04-AUG-18 

Alkalinity, Total (as CaCO3) 156 154 mg/L 1.0 20 04-AUG-18 
WG2841731-10 LCS PCTITRATE LCS 

Alkalinity, Total (as CaCO3) 95.1 % 85-115 04-AUG-18 
WG2841731-11 LCS HI 12890 

Conductivity (EC) 94.3 % 90-110 04-AUG-18 
WG2841731-13 LCS MID 1412 

Conductivity (EC) 95.9 % 90-110 04-AUG-18 
WG2841731-14 LCS ED-PH6 

pH 6.00 pH 5.8-6.2 04-AUG-18 
WG2841731-15 LCS PCTITRATE LCS 

Alkalinity, Total (as CaCO3) 97.8 % 85-115 04-AUG-18 
WG2841731-16 LCS HI 12890 

Conductivity (EC) 93.6 % 90-110 04-AUG-18 
WG2841731-18 LCS MID 1412 

Conductivity (EC) 97.2 % 90-110 04-AUG-18 
WG2841731-19 LCS ED-PH6 

pH 6.01 pH 5.8-6.2 04-AUG-18 
WG2841731-2 LCS MID 1412 

Conductivity (EC) 94.5 % 90-110 04-AUG-18 
WG2841731-20 LCS PCTITRATE LCS 

Alkalinity, Total (as CaCO3) 98.1 % 85-115 04-AUG-18 
WG2841731-21 LCS HI 12890 

Conductivity (EC) 95.1 % 90-110 04-AUG-18 
WG2841731-23 LCS MID 1412 

Conductivity (EC) 98.0 % 90-110 04-AUG-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PH/EC/ALKS-ED Water 
Batch R4159313 

WG2841731-24 LCS ED-PH6 

pH 6.00 pH 5.8-6.2 04-AUG-18 
WG2841731-25 LCS PCTITRATE LCS 

Alkalinity, Total (as CaCO3) 96.9 % 85-115 04-AUG-18 
WG2841731-26 LCS HI 12890 

Conductivity (EC) 95.8 % 90-110 04-AUG-18 
WG2841731-28 LCS MID 1412 

Conductivity (EC) 97.0 % 90-110 04-AUG-18 
WG2841731-29 LCS ED-PH6 

pH 6.00 pH 5.8-6.2 04-AUG-18 
WG2841731-3 LCS ED-PH6 

pH 6.05 pH 5.8-6.2 04-AUG-18 
WG2841731-30 LCS PCTITRATE LCS 

Alkalinity, Total (as CaCO3) 96.2 % 85-115 04-AUG-18 
WG2841731-31 LCS HI 12890 

Conductivity (EC) 95.3 % 90-110 04-AUG-18 
WG2841731-4 LCS PCTITRATE LCS 

Alkalinity, Total (as CaCO3) 95.1 % 85-115 04-AUG-18 
WG2841731-5 LCS HI 12890 

Conductivity (EC) 93.5 % 90-110 04-AUG-18 
WG2841731-8 LCS MID 1412 

Conductivity (EC) 94.7 % 90-110 04-AUG-18 
WG2841731-9 LCS ED-PH6 

pH 6.02 pH 5.8-6.2 04-AUG-18 
WG2841731-1 MB 

Conductivity (EC) <2.0 uS/cm 2 04-AUG-18 

Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 04-AUG-18 

Carbonate Alkalinity (as CO3) «5.0 mg/L 5 04-AUG-18 

Hydroxide Alkalinity (as OH) «5.0 mg/L 5 04-AUG-18 

Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 04-AUG-18 

Alkalinity, Total (as CaCO3) «2.0 mg/L 2 04-AUG-18 
WG2841731-12 MB 

Conductivity (EC) «20 uS/cm 2 04-AUG-18 

Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 04-AUG-18 

Carbonate Alkalinity (as CO3) «5.0 mg/L 5 04-AUG-18 

Hydroxide Alkalinity (as OH) «5.0 mg/L 5 04-AUG-18 

Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 04-AUG-18 

Alkalinity, Total (as CaCO3) «2.0 mg/L 2 04-AUG-18 
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Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 25 of 29 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PH/EC/ALKS-ED Water 
Batch R4159313 
WG2841731-17 MB 
Conductivity (EC) «2.0 uS/cm 2 04-AUG-18 
Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 04-AUG-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 04-AUG-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 04-AUG-18 
Alkalinity, Phenolphthalein (as CaCO3) «20 mg/L 2 04-AUG-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 04-AUG-18 
WG2841731-22 MB 
Conductivity (EC) «2.0 uS/cm 2 04-AUG-18 
Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 04-AUG-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 04-AUG-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 04-AUG-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 04-AUG-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 04-AUG-18 
WG2841731-27 MB 
Conductivity (EC) «2.0 uS/cm 2 04-AUG-18 
Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 04-AUG-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 04-AUG-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 04-AUG-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 04-AUG-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 04-AUG-18 
WG2841731-7 MB 
Conductivity (EC) «2.0 uS/cm 2 04-AUG-18 
Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 04-AUG-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 04-AUG-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 04-AUG-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 04-AUG-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 04-AUG-18 
PHENOLS-4AAP-WT Water 
Batch R4153713 
WG2839017-11 DUP L2134998-1 
Phenols (4AAP) 0.0018 0.0015 mg/L 17 20 01-AUG-18 
WG2839017-10 LCS 
Phenols (4AAP) 99.2 % 85-115 01-AUG-18 
WG2839017-2 LCS 
Phenols (4AAP) 95.2 % 85-115 01-AUG-18 
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ALS 


Environmental 
Quality Control Report 
Workorder: L2134998 Report Date: 24-AUG-18 Page 26 of 29 
Test Matrix Reference Result Units Limit Analyzed 
PHENOLS-4AAP-WT Water 
Batch R4153713 
WG2839017-1 MB 
Phenols (4AAP) <0.0010 mg/L 0.001 01-AUG-18 
WG2839017-9 MB 
Phenols (4AAP) <0.0010 mg/L 0.001 `01-АЧС-18 
WG2839017-12 MS L2134998-1 
Рћепој5 (4AAP) 89.7 % 75-125 01-AUG-18 
Batch R4158089 
WG2839973-2 LCS 
Phenols (4AAP) 99.9 % 85-115 03-AUG-18 
WG2839973-1 MB 
Phenols (4AAP) <0.0010 mg/L 0.001 03-AUG-18 
PO4-DO-COL-ED Water 
Batch R4139994 
WG2832008-2 LCS 
Orthophosphate-Dissolved (as P) 103.3 % 80-120 25-JUL-18 
WG2832008-1 MB 
Orthophosphate-Dissolved (as P) <0.010 mg/L 0.01 25-JUL-18 
SO4-IC-N-ED Water 
Batch R4140058 
WG2831434-11 LCS 
Sulfate (SO4) 103.0 % 90-110 25-JUL-18 
WG2831434-13 LCS 
Sulfate (SO4) 102.9 % 90-110 25-JUL-18 
WG2831434-15 LCS 
Sulfate (504) 103.1 % 90-110 25-JUL-18 
WG2831434-17 LCS 
Sulfate (SO4) 103.0 % 90-110 25-JUL-18 
WG2831434-2 LCS 
Sulfate (SO4) 103.8 % 90-110 25-JUL-18 
WG2831434-1 MB 
Sulfate (SO4) «0.30 mg/L 0.3 25-JUL-18 
WG2831434-12 MB 
Sulfate (SO4) «0.30 mg/L 0.3 25-JUL-18 
WG2831434-14 MB 
Sulfate (SO4) «0.30 mg/L 0.3 25-JUL-18 
WG2831434-16 MB 
Sulfate (SO4) «0.30 mg/L 0.3 25-JUL-18 


WG2831434-18 MB 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 


SO4-IC-N-ED Water 


Batch R4140058 


WG2831434-18 MB 
Sulfate (SO4) «0.30 mg/L 0.3 25-JUL-18 


SOLIDS-TDS-ED Water 


Batch R4152878 
WG2838010-2 LCS 
Total Dissolved Solids 96.8 % 85-115 31-JUL-18 


WG2838010-1 MB 
Total Dissolved Solids <10 mg/L 10 31-JUL-18 


SOLIDS-TOTSUS-ED Water 


Batch R4152825 
WG2837971-2 LCS 
Total Suspended Solids 91.6 % 85-115 31-JUL-18 


WG2837971-1 MB 
Total Suspended Solids <3.0 mg/L 3 31-JUL-18 


TKN-CFA-ED Water 


Batch R4173328 
WG2850635-6 LCS 
Total Kjeldahl Nitrogen 99 % 75-125 16-AUG-18 


WG2850635-5 MB 
Total Kjeldahl Nitrogen | <0.20 mg/L 0.2 16-AUG-18 
Batch R4175708 
WG2851643-2 LCS 
Total Kjeldahl Nitrogen 100 % 75-125 17-AUG-18 


WG2851643-1 MB 
Total Kjeldahl Nitrogen <0.20 mg/L 0.2 17-AUG-18 
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Workorder: L2134998 Report Date: 24-AUG-18 Page 28 of 29 


Limit ALS Control Limit (Data Quality Objectives) 
DUP Duplicate 

RPD Relative Percent Difference 

N/A Not Available 

LCS Laboratory Control Sample 

SRM Standard Reference Material 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

ADE Average Desorption Efficiency 

MB Method Blank 

IRM Internal Reference Material 

CRM Certified Reference Material 

CCV Continuing Calibration Verification 
CVS Calibration Verification Standard 
LCSD Laboratory Control Sample Duplicate 


Sample Parameter Qualifier Definitions: 


Qualifier Description 
J Duplicate results and limits are expressed in terms of absolute difference. 
RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit. 
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Hold Time Exceedances: 


Quality Control Reporte 
Workorder: L2134998 


Report Date: 24-AUG-18 


Page 29 of 29 


Sample 
ALS Product Description ID _ Sampling Date Date Processed Rec. HT Actual HT Units Qualifier 
Inorganic Parameters 
Chlorine, Total 
1 24-JUL-18 12:30 25-JUL-18 10:00 0.25 22 hours EHTR-FM 
2 24-JUL-18 13:00 25-JUL-18 10:00 0.25 21 hours EHTR-FM 
3 24-JUL-18 14:40 25-JUL-18 10:00 0.25 19 hours EHTR-FM 
4 24-JUL-18 14:40 25-JUL-18 10:00 0.25 19 hours EHTR-FM 
5 24-JUL-18 12:30 25-JUL-18 10:00 0.25 22 hours EHTR-FM 
Aggregate Organics 
Hydrocarbons,Rec. (I.R.) 
1 24-JUL-18 12:30 23-AUG-18 07:00 28 30 days EHT 
2 24-JUL-18 13:00 23-AUG-18 07:00 28 30 days EHT 
3 24-JUL-18 14:40 23-AUG-18 07:00 28 30 days EHT 
4 24-JUL-18 14:40 23-AUG-18 07:00 28 30 days EHT 
5 24-JUL-18 12:30 23-AUG-18 07:00 28 30 days EHT 


Legend & Qualifier Definitions: 


EHTR-FM: Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended. 

EHTR: Exceeded ALS recommended hold time prior to sample receipt. 

EHTL: Exceeded ALS recommended hold time prior to analysis. Sample was received less than 24 hours prior to expiry. 
EHT: Exceeded ALS recommended hold time prior to analysis. 

Rec. HT: ALS recommended hold time (see units). 

Notes*: 


Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes. 
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is 
used for calculation purposes. Samples for L2134998 were received on 24-JUL-18 16:50. 


ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government 
requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS. 


The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met. Each QC result has a known or expected target value, which is compared against pre- 
determined data quality objectives to provide confidence in the accuracy of associated test results. 


Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order. 
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Hatfield Consultants Date Received: 13-SEP-18 
ATTN: Chris Jaeggle Report Date: 11-ПЕС-18 15:52 (MT) 


200-580 Harbourside Drive Version PSAL RENS 
North Vancouver BC V7P ОАЗ 


Client Phone: 604-926-3261 


Certificate of Analysis 


Lab Work Order £: L2164033 
Project P.O. #: CNUL9184 
Job Reference: 

C of C Numbers: 

Legal Site Desc: 


Comments: ADDITIONAL 07-DEC- 18 09:46. 


Dana Brown, Chem. Tech. DIPL 
Account Manager 


[This report shall not be reproduced except in full without the written authority of the Laboratory.] 


ADDRESS: 9450 17 Avenue NW, Edmonton, AB T6N 1M9 Canada | Phone: «1 780 413 5227 | Fax: «1 780 437 2311 
ALS CANADA LTD Part of the ALS Group An ALS Limited Company 


Enuironmentat Je www.alsglobal.com 


RIGHT SOLUTIONS RIGHT PARTNER 
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ALS ENVIRONMENTAL ANALYTICAL REPORT 


= 
Sample Details/Parameters 


| L2164033-1 BUOY TOP 


Sampled By: CLIENT on 13-SEP-18 @ 10:00 


Matrix: SW 
Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 
GROUP 1 - RAMP 
Color, True 
Color, True 
lon Balance Calculation 
lon Balance 
TDS (Calculated) 
Hardness (as CaCO3) 
pH, Conductivity and Alkalinity (T & P) 
pH 
Conductivity (EC) 
Bicarbonate Alkalinity (as HCO3) 
Carbonate Alkalinity (as CO3) 
Hydroxide Alkalinity (as OH) 
Alkalinity, Phenolphthalein (as CaCO3) 
Alkalinity, Total (as CaCO3) 
GROUP 2 - RAMP 
Chloride in Water by IC 
Chloride (Cl) 
Sulfate in Water by IC 
Sulfate (SO4) 
Sulphide 
Sulphide (as S) 
GROUP 3 - RAMP 
Ammonia in Water by Colour 
Ammonia, Total (as N) 
Nitrate in Water by IC 
Nitrate (as N) 
Nitrate+Nitrite 
Nitrate and Nitrite (as N) 
Nitrite in Water by IC 
Nitrite (as N) 
TKN in Water by Colour 
Total Kjeldahl Nitrogen 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved 
Total P in Water by Colour 
Phosphorus (P)-Total 
GROUP 5 - RAMP HATFIELD 
Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (I.R.) 
Dissolved Metals 
Dissolved Metals by ICPOES 
Dissolved Metals Filtration Location 
Calcium (Ca)-Dissolved 
Iron (Fe)-Dissolved 
Magnesium (Mg)-Dissolved 
Manganese (Mn)-Dissolved 
Potassium (K)-Dissolved 
Sodium (Na)-Dissolved 
Total Metals 


Result Qualifier* 


3.71 


37.4 


110 
197 
175 


8.13 
318 
197 

<5.0 
<5.0 
<2.0 
161 


4.36 


18.7 


<0.0015 


<0.050 
<0.020 
<0.022 
<0.010 

0.53 | 
0.0087 


0.0137 


<1.0 


LAB 
49.2 
0.052 
12.7 
<0.0050 
2.09 
13.3 


D.L. 


0.10 


2.0 


0.10 
2.0 
5.0 
5.0 
5.0 
2.0 
2.0 

0.50 

0.30 


0.0015 


0.050 


0.020 


0.022 


0.010 


0.20 


0.0010 


0.0010 


1.0 


0.10 
0.030 
0.10 
0.0050 
0.50 
1.0 


Version: 


Units 


ug/L 


Extracted 


14-SEP-18 


03-OCT-18 


Analyzed 


14-SEP-18 


14-SEP-18 
03-OCT-18 
03-OCT-18 
03-OCT-18 
15-SEP-18 
15-SEP-18 
15-SEP-18 
15-SEP-18 
15-SEP-18 
15-SEP-18 
15-SEP-18 
14-SEP-18 
14-SEP-18 


19-SEP-18 


14-SEP-18 
14-SEP-18 
17-SEP-18 
14-SEP-18 
04-OCT-18 
18-SEP-18 


18-SEP-18 


25-SEP-18 


03-OCT-18 
03-OCT-18 
03-OCT-18 
03-OCT-18 
03-OCT-18 
03-OCT-18 
03-OCT-18 


FINAL REV. 


Batch 


R4254067 


R4216326 


R4216885 
R4216885 
R4216885 
R4216885 
R4216885 
R4216885 
R4216885 


R4216859 


R4216859 


R4228788 


R4216414 


R4216859 


R4216859 


R4259914 


R4220108 


R4220108 


R4242690 


R4258574 
R4258599 
R4258599 
R4258599 
R4258599 
R4258599 
R4258599 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 
Sample Details/Parameters Result Qualifier*^ D.L. Units Extracted Analyzed Batch 
PUE "НК... umm aae cuam a--- --amee———— ev m eure оа сола 

L2164033-1 BUOY TOP 

Sampled By: CLIENT on 13-SEP-18 @ 10:00 

Matrix: SW 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 0.0155 0.0030 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Total 0.00035 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Total 0.0413 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Total 0.075 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Total «0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Total 0.00016 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Total «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Lithium (Li)-Total 0.0101 0.0010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Total 0.000360 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Total 0.00098 0.00050 mg/L 02-OCT-18 | R4258478 
Phosphorus (P)-Total «0.050 0.050 mg/L 02-OCT-18 | R4258478 
Rubidium (Rb)-Total 0.00151 0.00020 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Total 0.000060 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Total 3.62 0.10 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Total <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Total 0.129 0.00020 mg/L 02-OCT-18 | R4258478 
Sulfur (S)-Total 7.23 0.50 mg/L 02-OCT-18 | R4258478 
Tellurium (Te)-Total | «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Total «0.000010 0.000010 mg/L | 02-OCT-18 | R4258478 
Thorium (Th)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Total <0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Tungsten (W)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Total 0.000234 0.000010 mg/L | 02-OCT-18 | R4258478 
Vanadium (V)-Total <0.00050 0.00050 mg/L | 02-OCT-18 | R4258478 
Zinc (Zn)-Total <0.0030 0.0030 mg/L 02-OCT-18 | R4258478 
Zirconium (Zr)-Total р 0.000210 0.000060 mg/L 02-OCT-18 | R4258478 
Total Metals in Water by ICPOES | 
Calcium (Ca)-Total 46.6 0.10 mg/L 02-OCT-18 | R4257716 
Iron (Fe)-Total 0.188 0.030 mg/L | 02-OCT-18 | R4257716 
Magnesium (Mg)-Total 12.1 0.10 mg/L 02-OCT-18 | R4257716 
Manganese (Mn)-Total 0.0655 0.0050 mg/L 02-OCT-18 | R4257716 
Potassium (K)-Total 2.05 0.50 mg/L 02-OCT-18 | R4257716 
Sodium (Na)-Total 13.3 1.0 mg/L 02-OCT-18 | R4257716 
Miscellaneous Parameters 
Chlorine, Total <0.10 0.10 mg/L 14-SEP-18 | R4216253 
Orthophosphate-Dissolved (as P) <0.010 0.010 mg/L 14-SEP-18 | R4216405 
Dissolved Organic Carbon 17.1 0.50 mg/L 18-SEP-18 | R4226749 
Naphthenic Acids «0.10 0.10 mg/L 17-SEP-18 | 19-SEP-18 | R4223648 
Phenols (4AAP) 0.0014 0.0010 mg/L 21-SEP-18 | R4231049 
Boron (B)-Total 0.0747 0.0020 mg/L 02-OCT-18 | R4258478 
Total Dissolved Solids 216 12 mg/L 19-SEP-18 | R4227997 
Mercury (Hg)-Total 0.00067 0.00050 ug/L 21-SEP-18 | R4232461 
Total Organic Carbon 17.2 0.50 mg/L 18-SEP-18 | R4223827 
Total Suspended Solids | <3.0 3.0 mg/L 20-SEP-18 | 20-SEP-18 | R4228387 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 

Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2164033-1 BUOY TOP 

Sampled By: CLIENT on 13-SEP-18 @ 10:00 

Matrix: SW 
Diss. Mercury in Water by CVAFS (Ultra) 
Dissolved Mercury Filtration Location LAB 01-OCT-18 | R4254492 
Mercury (Hg)-Dissolved «0.00050 0.00050 ug/L 01-OCT-18 | 02-OCT-18 | R4257841 
Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Boron (B)-Dissolved 0.0670 0.0020 mg/L 02-OCT-18 | R4258478 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Aluminum (Al)-Dissolved «0.0010 0.0010 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Dissolved 0.00036 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Dissolved 0.0406 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Dissolved 0.067 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Dissolved <0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Calcium (Ca)-Dissolved 40.5 0.50 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Dissolved <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Dissolved 0.00031 0.00020 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Lithium (Li)-Dissolved 0.0083 0.0010 mg/L 02-OCT-18 | R4258478 
Magnesium (Mg)-Dissolved 12.5 0.10 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Dissolved 0.000337 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Dissolved 0.00090 0.00050 mg/L 02-OCT-18 | R4258478 
Phosphorus (P)-Dissolved <0.050 0.050 mg/L 02-OCT-18 | R4258478 
Potassium (K)-Dissolved 1.97 0.50 mg/L 02-OCT-18 | R4258478 
Rubidium (Rb)-Dissolved 0.00144 0.00020 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Dissolved 0.000058 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Dissolved 3.56 0.050 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Dissolved <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Sodium (Na)-Dissolved 12.6 | 1.0 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Dissolved 0.124 0.00020 mg/L 02-OCT-18 | R4258478 
Sulfur (S)-Dissolved 7.47 | 0.50 mg/L 02-OCT-18 | R4258478 
Tellurium (Te)-Dissolved «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Thorium (Th)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Dissolved «0.00010 0.00010 mg/L | 02-OCT-18 | R4258478 
Titanium (Ti)-Dissolved «0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Tungsten (W)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Dissolved 0.000212 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Dissolved «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Dissolved «0.0010 0.0010 mg/L 02-OCT-18 | R4258478 
Zirconium (Zr)-Dissolved 0.000181 0.000060 mg/L 02-OCT-18 | R4258478 

L2164033-2 BUOY BOTTOM 

Sampled By: CLIENT on 13-SEP-18 @ 11:00 

Matrix: SW 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 1.15 0.10 ug/L 14-SEP-18 14-SEP-18 | R4254067 

GROUP 1 - RAMP 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001173 


Sample Details/Parameters 


L2164033-2 BUOY BOTTOM 
Sampled By: CLIENT on 13-SEP-18 @ 11:00 
Matrix: SW 
Color, True 
Color, True 
lon Balance Calculation 
lon Balance 
TDS (Calculated) 
Hardness (as CaCO3) 
pH, Conductivity and Alkalinity (T & P) 
pH 
Conductivity (EC) 
Bicarbonate Alkalinity (as HCO3) 
Carbonate Alkalinity (as CO3) 
Hydroxide Alkalinity (as OH) 
Alkalinity, Phenolphthalein (as CaCO3) 
Alkalinity, Total (as CaCO3) 
GROUP 2 - RAMP 
| Chloride in Water by IC 
Chloride (Cl) 
Sulfate in Water by IC 
Sulfate (SO4) 
Sulphide 
Sulphide (as S) 
GROUP 3 - RAMP 
Ammonia in Water by Colour 
Ammonia, Total (as N) 
Nitrate in Water by IC 
Nitrate (as N) 
Nitrate+Nitrite 
Nitrate and Nitrite (as N) 
Nitrite in Water by IC 
Nitrite (as N) 
TKN in Water by Colour 
Total Kjeldahl Nitrogen 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved 
Total P in Water by Colour 
Phosphorus (P)-Total 
GROUP 5 - RAMP HATFIELD 
Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (I.R.) 
Dissolved Metals 
Dissolved Metals by ICPOES 
Dissolved Metals Filtration Location 
Calcium (Ca)-Dissolved 
Iron (Fe)-Dissolved 
Magnesium (Mg)-Dissolved 
Manganese (Mn)-Dissolved 
Potassium (K)-Dissolved 
Sodium (Na)-Dissolved 
Total Metals 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 
Antimony (Sb)-Total 


Document Released Under the Access to 


Information Act / Dagumeinirgivulgue en vertu 
de la Loi sur гассфаве | infarmation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 
Result Qualifier* D.L. Units Extracted Analyzed Batch 
131 2.0 C.U. 14-SEP-18 | R4216326 
114 BL:INT % 03-OCT-18 
201 mg/L 03-OCT-18 
181 mg/L 03-OCT-18 
7.90 0.10 pH 15-SEP-18 | R4216885 
331 2.0 uS/cm 15-SEP-18 | R4216885 
199 5.0 mg/L 15-SEP-18 | R4216885 
<5.0 5.0 mg/L 15-SEP-18 | R4216885 
«5.0 5.0 mg/L 15-SEP-18 | R4216885 
«2.0 2.0 mg/L 15-SEP-18 | R4216885 
163 2.0 mg/L 15-SEP-18 | R4216885 
5.14 0.50 mg/L 14-SEP-18 | R4216859 
17.4 0.30 mg/L 14-SEP-18 | R4216859 
«0.0015 0.0015 mg/L 19-SEP-18 | R4228788 
0.415 0.050 mg/L 14-SEP-18 | R4216414 
«0.020 0.020 mg/L 14-SEP-18 | R4216859 
«0.022 0.022 mg/L | 17-SEP-18 
«0.010 0.010 mg/L 14-SEP-18 | R4216859 
0.95 0.20 mg/L 03-OCT-18 | 04-OCT-18 | R4259914 
0.0533 0.0010 mg/L 18-SEP-18 | R4220108 
0.0576 0.0010 mg/L 18-SEP-18 | R4220108 
«1.0 1.0 mg/L 25-SEP-18 | R4242690 
LAB 03-OCT-18 | R4258574 
51.2 0.10 mg/L 03-OCT-18 | R4258599 
3.52 0.030 mg/L 03-OCT-18 | R4258599 
12.8 0.10 mg/L 03-OCT-18 | R4258599 
0.825 0.0050 mg/L 03-OCT-18 | R4258599 
2.24 0.50 mg/L 03-OCT-18 | R4258599 
14.2 1.0 mg/L 03-OCT-18 | R4258599 
0.0751 0.0030 mg/L 02-OCT-18 | R4258478 
<0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
0.00086 0.00010 mg/L 02-OCT-18 | R4258478 


Arsenic (As)-Total 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001174 


Document Released Under the Access to 
Information Act / Dagumentrgivulgué en vertu 
de la Loi sur Гассфас l'infermation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2164033-2 BUOY BOTTOM 

Sampled By: CLIENT on 13-SEP-18 @ 11:00 

Matrix: SW 
Total Metals in Water by CRC ICPMS 
Barium (Ba)-Total 0.0538 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Total «0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Total 0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Total 0.00023 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Total 0.00091 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Total «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Total 0.000086 0.000050 mg/L 02-OCT-18 | R4258478 
Lithium (Li)-Total 0.0100 0.0010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Total 0.000604 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Total 0.00146 0.00050 mg/L 02-OCT-18 | R4258478 
Phosphorus (P)-Total 0.122 0.050 mg/L 02-OCT-18 | R4258478 
Rubidium (Rb)-Total 0.00144 0.00020 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Total 0.000068 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Total 4.71 0.10 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Total <0.000010 0.000010 mg/L | 02-OCT-18 | R4258478 
Strontium (Sr)-Total 0.130 0.00020 mg/L 02-OCT-18 | R4258478 
Sulfur (S)-Total 6.86 0.50 mg/L 02-OCT-18 | R4258478 
Tellurium (Te)-Total <0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)- Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Thorium (Th)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Total 0.00214 0.00030 mg/L 02-OCT-18 | R4258478 
Tungsten (W)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Total 0.000300 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Total 0.00116 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Total <0.0030 0.0030 mg/L 02-OCT-18 | R4258478 
Zirconium (Zr)-Total 0.000806 0.000060 mg/L 02-OCT-18 | R4258478 
Total Metals in Water by ICPOES 
Calcium (Ca)-Total 47.1 0.10 mg/L 02-OCT-18 | R4257716 
Iron (Fe)-Total 4.56 0.030 mg/L 02-OCT-18 | R4257716 
Magnesium (Mg)-Total 11.9 0.10 mg/L 02-OCT-18 | R4257716 
Manganese (Mn)-Total 0.854 0.0050 mg/L 02-OCT-18 | R4257716 
Potassium (K)-Total 2.19 0.50 mg/L 02-OCT-18 | R4257716 
Sodium (Na)-Total 13.8 1.0 mg/L 02-OCT-18 | R4257716 
Miscellaneous Parameters 
Chlorine, Total «0.10 0.10 mg/L 14-SEP-18 | R4216253 
Orthophosphate-Dissolved (as P) 0.041 0.010 mg/L 14-SEP-18 | R4216405 
Dissolved Organic Carbon 18.0 0.50 mg/L 18-SEP-18 | R4226749 
Naphthenic Acids 0.76 0.10 mg/L 17-SEP-18 19-SEP-18 | R4223648 
Phenols (4AAP) 0.0040 0.0010 mg/L 21-SEP-18 | R4231049 
Boron (B)-Total 0.0831 0.0020 mg/L 02-OCT-18 | R4258478 
Total Dissolved Solids 222 12 mg/L 19-SEP-18 | R4227997 
Mercury (Hg)-Total 0.00140 0.00050 ug/L 21-SEP-18 | R4232461 
Total Organic Carbon 18.2 0.50 mg/L 18-SEP-18 | R4223827 
Total Suspended Solids 6.7 3.0 mg/L 20-SEP-18 | 20-SEP-18 | R4228387 
Diss. Mercury in Water by CVAFS (Ultra) 
Dissolved Mercury Filtration Location LAB 01-OCT-18 | R4254492 
Mercury (Hg)-Dissolved 0.00070 0.00050 ug/L 01-OCT-18 | 02-OCT-18 | R4257841 
Dissolved Boron by CRC CCMS 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001175 


Document Released Under the Access to 
Information Act / Ведвнпебнами!јаше en vertu 
de la Loi sur ГассёвАвЕГ infermation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2164033-2 BUOY BOTTOM 

Sampled By: CLIENT on 13-SEP-18 @ 11:00 

Matrix: SW 
Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Boron (B)-Dissolved 0.0771 0.0020 mg/L 02-OCT-18 | R4258478 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Aluminum (Al)-Dissolved 0.0030 RRV 0.0010 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Dissolved 0.00092 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Dissolved 0.0520 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Dissolved 0.077 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Dissolved <0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 | 
Calcium (Ca)-Dissolved 43.6 0.50 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Dissolved | <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Dissolved 0.00067 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Dissolved 0.00025 0.00020 mg/L 02-OCT-18 | R4258478 
Iron (Fe)-Dissolved 3.54 0.010 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Dissolved «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Magnesium (Mg)-Dissolved 12.4 0.10 mg/L 02-OCT-18 | R4258478 
Manganese (Mn)-Dissolved 0.788 0.00010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Dissolved 0.000583 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Dissolved 0.00127 0.00050 mg/L 02-OCT-18 | R4258478 
Potassium (K)-Dissolved 2.11 0.50 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Dissolved 0.000066 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Dissolved 4.41 0.050 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Dissolved <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Sodium (Na)-Dissolved 13.4 1.0 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Dissolved 0.129 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Dissolved <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Dissolved | «0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Dissolved 0.000275 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Dissolved 0.00070 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Dissolved 0.0011 0.0010 mg/L 02-OCT-18 | R4258478 

L2164033-3 OUTLET 

Sampled By: CLIENT on 13-SEP-18 @ 11:45 

Matrix: SW 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 3.83 0.10 ug/L 14-SEP-18 | 14-SEP-18 | R4254067 

GROUP 1 - RAMP 
Color, True 
Color, True 36.6 2.0 C.U. 14-SEP-18 | R4216326 
lon Balance Calculation 
lon Balance 115 BL:INT % 03-OCT-18 
TDS (Calculated) 193 mg/L 03-OCT-18 
Hardness (as CaCO3) 176 mg/L 03-OCT-18 
pH, Conductivity and Alkalinity (T & P) 
pH 8.14 0.10 pH 15-SEP-18 | R4216885 
Conductivity (EC) 316 2.0 uS/cm 15-SEP-18 | R4216885 
Bicarbonate Alkalinity (as HCO3) 188 5.0 mg/L 15-SEP-18 | R4216885 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001176 


Document Released Under the Access to 
Information Act / Dogemenidvulgué en vertu 
de la Loi sur | ассераве! igfermation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
L2164033-3 OUTLET 
Sampled By: CLIENT on 13-SEP-18 @ 11:45 
Matrix: SW 
pH, Conductivity and Alkalinity (T & P) 
Carbonate Alkalinity (as CO3) <5.0 5.0 mg/L 15-SEP-18 | R4216885 
Hydroxide Alkalinity (as OH) <5.0 5.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Phenolphthalein (as CaCO3) <2.0 2.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Total (as CaCO3) 154 | 2.0 mg/L 15-SEP-18 | R4216885 
GROUP 2 - RAMP | 
Chloride in Water by IC | 
Chloride (Cl) 4.34 0.50 mg/L 14-SEP-18 | R4216859 
Sulfate in Water by IC | 
Sulfate (SO4) 18.7 0.30 mg/L 14-SEP-18 | R4216859 
Sulphide 
Sulphide (as S) «0.0015 0.0015 mg/L 19-SEP-18 | R4228788 
GROUP 3 - RAMP 
Ammonia in Water by Colour 
Ammonia, Total (as N) «0.050 0.050 mg/L 14-SEP-18 | R4216414 
Nitrate in Water by IC | | 
Nitrate (as М) <0.020 0.020 mg/L 14-SEP-18 | R4216859 
Nitrate+Nitrite 
Nitrate and Nitrite (as М) «0.022 0.022 mg/L 17-SEP-18 
Nitrite in Water by IC | 
Nitrite (as N) «0.010 0.010 mg/L 14-SEP-18 | R4216859 
TKN in Water by Colour | 
Total Kjeldahl Nitrogen 0.60 | 0.20 mg/L 03-OCT-18 | 04-OCT-18 | R4259914 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved 0.0106 0.0010 mg/L 18-SEP-18 | R4220108 
Total P in Water by Colour | | 
Phosphorus (P)-Total 0.0154 0.0010 mg/L 18-SEP-18 | R4220108 
GROUP 5 - RAMP HATFIELD | | 
Hydrocarbons,Rec. (I.R.) | 
Hydrocarbons, Recoverable (1.В.) «1.0 1.0 mg/L 26-SEP-18 | R4251208 
Dissolved Metals 
Dissolved Metals by ICPOES 
Dissolved Metals Filtration Location LAB 03-OCT-18 | R4258574 
Calcium (Ca)-Dissolved 49.5 0.10 mg/L 03-OCT-18 | R4258599 
Iron (Fe)-Dissolved 0.048 0.030 mg/L 03-OCT-18 | R4258599 
Magnesium (Mg)-Dissolved 12.7 0.10 mg/L 03-OCT-18 | R4258599 
Manganese (Mn)-Dissolved «0.0050 0.0050 mg/L 03-OCT-18 | R4258599 
Potassium (K)-Dissolved 2.12 0.50 mg/L 03-OCT-18 | R4258599 
Sodium (Na)-Dissolved 13.3 1.0 mg/L 03-OCT-18 | R4258599 
Total Metals | 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 0.0698 0.0030 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Total 0.00037 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Total 0.0422 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Total 0.075 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Total «0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Total 0.00001 1 0.000010 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Total 0.00026 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Total 0.00022 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Total 0.00050 0.00050 mg/L 02-OCT-18 | R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001177 


Document Released Under the Access to 


Information Act / Ведентебнита ум! оче en vertu 
de la Loi sur l'accémaskl'ipfermation. 


ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters 


L2164033-3 OUTLET 
Sampled By: CLIENT on 13-SEP-18 @ 11:45 
Matrix: SW 
Total Metals in Water by CRC ICPMS 
Lead (Pb)-Total 
Lithium (Li)-Total 
Molybdenum (Mo)-Total 
Nickel (Ni)-Total 
Phosphorus (P)-Total 
Rubidium (Rb)-Total 
Selenium (Se)-Total 
Silicon (Si)-Total 
Silver (Ag)-Total 
Strontium (Sr)-Total 
Sulfur (S)-Total 
Tellurium (Te)-Total 
Thallium (TI)-Total 
Thorium (Th)-Total 
Tin (Sn)-Total 
Titanium (Ti)-Total 
Tungsten (W)-Total 
Uranium (U)-Total 
Vanadium (V)-Total 
Zinc (Zn)-Total 
Zirconium (Zr)-Total 
Total Metals in Water by ICPOES 
Calcium (Ca)-Total 
Iron (Fe)-Total 
Magnesium (Mg)-Total 
Manganese (Mn)-Total 
Potassium (K)-Total 
Sodium (Na)-Total 
Miscellaneous Parameters 
Chlorine, Total 
Orthophosphate-Dissolved (as P) 
Dissolved Organic Carbon 
Naphthenic Acids 
Phenols (4AAP) 
Boron (B)-Total 
Total Dissolved Solids 
Mercury (Hg)-Total 
Total Organic Carbon 
Total Suspended Solids 
Diss. Mercury in Water by CVAFS (Ultra) 
Dissolved Mercury Filtration Location 
Mercury (Hg)-Dissolved 
Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location 
Boron (B)-Dissolved 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location 
Aluminum (Al)-Dissolved 
Antimony (Sb)-Dissolved 
Arsenic (As)-Dissolved 
Barium (Ba)-Dissolved 


Result 


0.000089 
0.0101 
0.000342 
0.00111 
«0.050 
0.00168 
0.000052 
3.65 
«0.000010 
0.126 
7.15 
«0.00020 
«0.000010 
«0.00010 
«0.00010 
0.00189 
«0.00010 
0.000243 
«0.00050 
«0.0030 
0.000295 


45.2 
0.310 
11.8 
0.0593 
2.04 
12.9 


«0.10 
«0.010 
17.3 
«0.10 
0.0018 
0.0751 
172 
0.00098 
17.5 
8.7 


LAB 
«0.00050 


LAB 
0.0686 


LAB 
0.0012 
«0.00010 
0.00037 
0.0409 


Qualifier* 


RRV 


D.L. 


0.000050 
0.0010 
0.000050 
0.00050 
0.050 
0.00020 
0.000050 
0.10 
0.000010 
0.00020 
0.50 
0.00020 
0.000010 
0.00010 
0.00010 
0.00030 
0.00010 
0.000010 
0.00050 
0.0030 
0.000060 


0.10 
0.030 
0.10 
0.0050 
0.50 
1.0 


0.10 
0.010 
0.50 
0.10 
0.0010 
0.0020 
12 
0.00050 
0.50 
3.0 


0.00050 


0.0020 


0.0010 
0.00010 
0.00010 
0.00010 


Units 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
mg/L 
mg/L 


ug/L 


mg/L 


mg/L 
mg/L 
mg/L 
mg/L 


Extracted 


17-SEP-18 


20-SEP-18 


01-OCT-18 


Version: 


Analyzed 


02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 


02-OCT-18 
02-OCT-18 


| 02-OCT-18 


02-OCT-18 
02-OCT-18 
02-OCT-18 


14-SEP-18 
14-SEP-18 
18-SEP-18 
19-SEP-18 
21-SEP-18 
02-OCT-18 
19-SEP-18 
21-SEP-18 
18-SEP-18 
20-SEP-18 


01-OCT-18 
02-OCT-18 


02-OCT-18 
02-OCT-18 


02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 
02-OCT-18 


FINAL REV. 


Batch 


R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 
R4258478 


R4257716 
| 84257716 
84257716 
84257716 
84257716 
84257716 


R4216253 
R4216405 
R4226749 
R4223648 
R4231049 
R4258478 
R4227997 
R4232461 
R4223827 
R4228387 


R4254492 
R4257841 


R4258229 
R4258478 


R4258229 
R4258478 
R4258478 
R4258478 
R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 
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Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch ] 

L2164033-3 OUTLET 

Sampled By: CLIENT on 13-SEP-18 @ 11:45 

Matrix: SW 
Dissolved Metals in Water by CRC ICPMS 
Beryllium (Be)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Dissolved 0.069 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Dissolved <0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Calcium (Ca)-Dissolved 41.4 0.50 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Dissolved 0.00034 0.00020 mg/L 02-OCT-18 | R4258478 
Iron (Fe)-Dissolved 0.046 0.010 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Dissolved <0.000050 | 0.000050 mg/L 02-OCT-18 | R4258478 
Magnesium (Mg)-Dissolved 12.2 0.10 mg/L 02-OCT-18 | R4258478 
Manganese (Mn)-Dissolved 0.00098 0.00010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Dissolved 0.000329 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Dissolved 0.00090 0.00050 mg/L 02-OCT-18 | R4258478 
Potassium (K)-Dissolved 2.01 0.50 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Dissolved 0.000059 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Dissolved 3.54 0.050 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Sodium (Na)-Dissolved 12.7 1.0 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Dissolved 0.127 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Dissolved <0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Dissolved 0.000213 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Dissolved <0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Dissolved <0.0010 0.0010 mg/L 02-OCT-18 | R4258478 

L2164033-4 DUPLICATE 

Sampled By: CLIENT on 13-SEP-18 @ 13:00 

Matrix: SW 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a 3.55 | 0.10 ug/L 14-SEP-18 | 14-SEP-18 | R4254067 

GROUP 1 - RAMP 
Color, True | 
Color, True 37.0 2.0 C.U. 14-SEP-18 | R4216326 
lon Balance Calculation 
lon Balance 114 BL:INT % 03-OCT-18 
TDS (Calculated) 192 mg/L 03-OCT-18 
Hardness (as CaCO3) 174 mg/L 03-OCT-18 
pH, Conductivity and Alkalinity (T & P) 
pH 8.13 0.10 pH 15-SEP-18 | R4216885 
Conductivity (EC) 317 2.0 uS/cm 15-SEP-18 | R4216885 
Bicarbonate Alkalinity (as HCO3) 188 5.0 mg/L 15-SEP-18 | R4216885 
Carbonate Alkalinity (as CO3) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Hydroxide Alkalinity (as OH) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 2.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Total (as CaCO3) 154 2.0 mg/L 15-SEP-18 | R4216885 

GROUP 2 - RAMP 
Chloride in Water by IC 
Chloride (CI) 4.36 0.50 mg/L 14-SEP-18 | R4216859 
Sulfate in Water by IC | 


* Refer to Referenced Information for Qualifiers (if апу) and Methodology. 


001179 


Document Released Under the Access to 
Information Act / Веамтевітаушіпие en vertu 
de la Loi sur l'accáskl'infarmation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier" D.L. Units Extracted Analyzed Batch 
| L2164033-4 DUPLICATE 
Sampled By: CLIENT on 13-SEP-18 @ 13:00 
Matrix: SW 
Sulfate in Water by IC 
Sulfate (S04) 18.8 0.30 mg/L 14-SEP-18 | R4216859 
Sulphide 
Sulphide (as S) <0.0015 0.0015 mg/L 19-SEP-18 | R4228788 
GROUP 3 - RAMP 
Ammonia in Water by Colour 
Ammonia, Total (as N) <0.050 0.050 mg/L 14-SEP-18 | R4216414 
Nitrate in Water by IC 
Nitrate (as N) <0.020 0.020 mg/L 14-SEP-18 | R4216859 
Nitrate+Nitrite 
Nitrate and Nitrite (as N) <0.022 0.022 mg/L 17-SEP-18 
Nitrite in Water by IC 
Nitrite (as N) <0.010 0.010 mg/L 14-SEP-18 | R4216859 
TKN in Water by Colour 
Total Kjeldahl Nitrogen 0.66 0.20 mg/L 03-OCT-18 | 04-OCT-18 | R4259914 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved 0.0089 0.0010 mg/L 18-SEP-18 | R4220108 
Total P in Water by Colour 
Phosphorus (P)-Total 0.0184 0.0010 mg/L 18-SEP-18 | R4220108 
GROUP 5 - RAMP HATFIELD 
Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (І.К.) <1.0 1.0 mg/L 26-SEP-18 | R4251208 
Dissolved Metals 
Dissolved Metals by ICPOES 
Dissolved Metals Filtration Location LAB 03-OCT-18 | R4258574 
Calcium (Ca)-Dissolved 49.0 0.10 mg/L 03-OCT-18 | R4258599 
Iron (Fe)-Dissolved 0.042 0.030 mg/L 03-OCT-18 | R4258599 
Magnesium (Mg)-Dissolved 12.6 0.10 mg/L 03-OCT-18 | R4258599 
Manganese (Mn)-Dissolved <0.0050 0.0050 mg/L 03-OCT-18 | R4258599 
Potassium (K)-Dissolved 2.12 0.50 mg/L 03-OCT-18 | R4258599 
Sodium (Na)-Dissolved 13.2 1.0 mg/L 03-OCT-18 | R4258599 
Total Metals 
Total Metals in Water by CRC ICPMS 
Aluminum (Al)-Total 0.0714 0.0030 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Total 0.00035 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Total 0.0419 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Total <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Total <0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Total 0.000013 0.000010 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Total 0.00025 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Total 0.00020 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Total <0.00050 | 0.00050 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Total 0.000096 0.000050 mg/L 02-OCT-18 | R4258478 
Lithium (Li)-Total 0.0101 0.0010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Total 0.000361 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Total 0.00108 0.00050 mg/L 02-OCT-18 | R4258478 
Phosphorus (P)-Total «0.050 0.050 mg/L 02-OCT-18 | R4258478 
Rubidium (Rb)-Total 0.00157 0.00020 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Total 3.66 0.10 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2164033-4 DUPLICATE 

Sampled By: CLIENT on 13-SEP-18 @ 13:00 

Matrix: SW 
Total Metals in Water by CRC ICPMS | 
Strontium (Sr)-Total 0.129 0.00020 mg/L 02-OCT-18 | R4258478 
Sulfur (S)-Total 7.18 | 0.50 mg/L 02-OCT-18 | R4258478 
Tellurium (Te)-Total «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Thorium (Th)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Total 0.00192 0.00030 mg/L 02-OCT-18 | R4258478 
Tungsten (W)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Total 0.000224 | 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Total 0.00051 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Total «0.0030 0.0030 mg/L 02-OCT-18 | R4258478 
Zirconium (Zr)-Total 0.000313 0.000060 mg/L 02-OCT-18 | R4258478 
Total Metals in Water by ICPOES 
Calcium (Ca)-Total 45.3 0.10 mg/L 02-OCT-18 | R4257716 
Iron (Fe)-Total 0.313 0.030 mg/L 02-OCT-18 | R4257716 
Magnesium (Mg)-Total 11.7 0.10 mg/L 02-OCT-18 | R4257716 
Manganese (Mn)-Total 0.0593 0.0050 mg/L 02-OCT-18 | R4257716 
Potassium (K)-Total 2.05 0.50 mg/L 02-OCT-18 | R4257716 
Sodium (Na)-Total 12.9 1.0 mg/L 02-OCT-18 | R4257716 
Miscellaneous Parameters 
Chlorine, Total <0.10 0.10 mg/L 14-SEP-18 | R4216253 
Orthophosphate-Dissolved (as P) <0.010 0.010 mg/L 14-SEP-18 | R4216405 
Dissolved Organic Carbon 17.7 0.50 mg/L 18-SEP-18 | R4226749 
Naphthenic Acids 0.29 0.10 mg/L 17-SEP-18 | 19-SEP-18 | R4223648 
Phenols (4AAP) 0.0012 0.0010 mg/L 21-SEP-18 | R4231049 
Boron (B)-Total 0.0749 0.0020 mg/L 02-OCT-18 | R4258478 
Total Dissolved Solids 184 12 mg/L 19-SEP-18 | R4227997 
Mercury (Hg)-Total 0.00094 0.00050 ug/L 21-SEP-18 | R4232461 
Total Organic Carbon 17.3 0.50 mg/L 18-SEP-18 | R4223827 
Total Suspended Solids 10.4 3.0 mg/L 20-SEP-18 | 20-SEP-18 | R4228387 
Diss. Mercury in Water by CVAFS (Ultra) | 
Dissolved Mercury Filtration Location LAB 01-OCT-18 | R4254492 
Mercury (Hg)-Dissolved «0.00050 0.00050 ug/L 01-OCT-18 | 02-OCT-18 | R4257841 
Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Boron (B)-Dissolved 0.0685 0.0020 mg/L 02-OCT-18 | R4258478 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Aluminum (Al)-Dissolved 0.0012 RRV 0.0010 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Dissolved 0.00034 0.00010 mg/L | 02-OCT-18 | R4258478 
Barium (Ba)-Dissolved 0.0402 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Dissolved «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Dissolved 0.069 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Dissolved <0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Calcium (Ca)-Dissolved 41.6 0.50 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Dissolved 0.00036 0.00020 mg/L 02-OCT-18 | R4258478 
Iron (Fe)-Dissolved 0.042 0.010 mg/L 02-OCT-18 | R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 


L2164033-4 DUPLICATE 
| Sampled Ву: CLIENT on 13-SEP-18 @ 13:00 


Matrix: SW 

Dissolved Metals in Water by CRC ICPMS 
Lead (Pb)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Magnesium (Mg)-Dissolved 12.3 0.10 mg/L 02-OCT-18 | R4258478 
Manganese (Mn)-Dissolved 0.00073 0.00010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Dissolved 0.000337 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Dissolved 0.00087 0.00050 mg/L 02-OCT-18 | R4258478 

| Potassium (K)-Dissolved 2.01 0.50 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Dissolved 0.000058 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Dissolved 3.54 0.050 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Sodium (Na)-Dissolved 12.7 1.0 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Dissolved 0.129 | 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Dissolved «0.000010 | 0.000010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Dissolved «0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Dissolved 0.000215 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Dissolved «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Dissolved «0.0010 0.0010 mg/L 02-OCT-18 | R4258478 


L2164033-5 ТВ (TRIP BLANK) 
Sampled By: CLIENT on 13-SEP-18 @ 12:00 


Matrix: SW 

GROUP 1 - RAMP 
Color, True 
Color, True <2.0 2.0 C.U. 14-SEP-18 | R4216326 
lon Balance Calculation 
lon Balance Low TDS % 03-ОСТ-18 
TDS (Calculated) <1.0 mg/L 03-OCT-18 
Hardness (as CaCO3) «1.0 mg/L 03-OCT-18 
pH, Conductivity and Alkalinity (T & P) 
pH 5.23 0.10 pH 15-SEP-18 | R4216885 
Conductivity (EC) «2.0 2.0 uS/cm 15-SEP-18 | R4216885 
Bicarbonate Alkalinity (as HCO3) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Carbonate Alkalinity (as CO3) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Hydroxide Alkalinity (as OH) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 2.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Total (as CaCO3) «2.0 2.0 mg/L 15-SEP-18 | R4216885 


GROUP 2 - RAMP 
Chloride in Water by IC 


Chloride (Cl) «0.50 0.50 mg/L 14-SEP-18 | R4216859 
Sulfate in Water by IC 

Sulfate (SO4) «0.30 0.30 mg/L 14-SEP-18 | R4216859 
Sulphide 

Sulphide (as S) «0.0015 0.0015 mg/L 19-SEP-18 | R4228788 


GROUP 3 - RAMP | 
Ammonia in Water by Colour 


Ammonia, Total (as N) «0.050 0.050 mg/L 14-SEP-18 | R4216414 

Nitrate in Water by IC 

Nitrate (as N) «0.020 0.020 mg/L 14-SEP-18 | R4216859 

Nitrate+Nitrite 

Nitrate and Nitrite (as N) <0.022 0.022 mg/L 17-SEP-18 

Nitrite in Water by IC 

Nitrite (as N) <0.010 0.010 mg/L 14-SEP-18 | R4216859 
L  TKN in Water by Colour 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
L2164033-5 TB (TRIP BLANK) 
Sampled By: CLIENT on 13-SEP-18 @ 12:00 
Matrix: SW 
TKN in Water by Colour | 
Total Kjeldahl Nitrogen «0.20 0.20 mg/L 03-OCT-18 | 04-OCT-18 | R4259914 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved «0.0010 0.0010 mg/L 15-SEP-18 | R4217003 
Total P in Water by Colour 
Phosphorus (P)-Total «0.0010 0.0010 mg/L 15-SEP-18 | R4217003 
GROUP 5 - RAMP HATFIELD 
Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (!.К.) <1.0 1.0 mg/L 26-SEP-18 | R4251208 
Dissolved Metals 
Dissolved Metals by ICPOES 
Dissolved Metals Filtration Location LAB 03-OCT-18 | R4258574 
Calcium (Ca)-Dissolved <0.10 0.10 mg/L | 03-OCT-18 | R4258599 | 
Iron (Fe)-Dissolved «0.030 0.030 mg/L 03-OCT-18 | R4258599 
Magnesium (Mg)-Dissolved «0.10 0.10 mg/L 03-OCT-18 | R4258599 
Manganese (Mn)-Dissolved «0.0050 0.0050 mg/L 03-OCT-18 | R4258599 
Potassium (K)-Dissolved «0.50 0.50 mg/L | 03-OCT-18 | R4258599 
Sodium (Na)-Dissolved «1.0 1.0 mg/L 03-OCT-18 | R4258599 
Total Metals 
Total Metals in Water by CRC ICPMS | 
Aluminum (Al)-Total «0.0030 0.0030 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Total «0.00010 0.00010 mglL | 02-OCT-18 | R4258478 
Beryllium (Be)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Total «0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Total | «0.000010 | 0.000010 | | mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 | 
Cobalt (Co)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 | 
Copper (Cu)-Total <0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Total <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Lithium (Li)-Total <0.0010 0.0010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Total <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Total <0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Phosphorus (P)-Total <0.050 0.050 mg/L 02-OCT-18 | R4258478 
Rubidium (Rb)-Total | <0.00020 0.00020 mg/L | 02-OCT-18 | R4258478 
Selenium (Se)-Total «0.000050 0.000050 mg/L | 02-OCT-18 | R4258478 
Silicon (Si)-Total «0.10 0.10 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Total «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Sulfur (S)-Total <0.50 0.50 mg/L 02-OCT-18 | R4258478 
Tellurium (Te)-Total <0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Total <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Thorium (Th)-Total | <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Total <0.00030 0.00030 mg/L | 02-OCT-18 | R4258478 
Tungsten (W)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Total <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Total <0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Total <0.0030 0.0030 mg/L 02-OCT-18 | R4258478 
Zirconium (Zr)-Total | <0.000060 0.000060 mg/L 02-OCT-18 | R4258478 
Total Metals in Water by ICPOES 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001183 


Document Released Under the Access to 


Information Act / Веденпеб та уи!аче en vertu 
de la Loi sur l'accáseel'infermation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 

Sample Details/Parameters Result Qualifier* 0.1. Units Extracted Analyzed Batch 

L2164033-5 TB (TRIP BLANK) 

Sampled By: CLIENT on 13-SEP-18 @ 12:00 

Matrix: SW 
Total Metals in Water by ICPOES 
Calcium (Ca)-Total <0.10 0.10 mg/L 02-OCT-18 | R4257716 
Iron (Fe)-Total <0.030 0.030 mg/L 02-OCT-18 | R4257716 
Magnesium (Mg)-Total <0.10 0.10 mg/L 02-OCT-18 | R4257716 
Manganese (Mn)-Total <0.0050 0.0050 mg/L 02-OCT-18 | R4257716 
Potassium (K)-Total <0.50 0.50 mg/L 02-OCT-18 | R4257716 
Sodium (Na)-Total <1.0 1.0 mg/L 02-OCT-18 | R4257716 
Miscellaneous Parameters 
Chlorine, Total <0.10 0.10 mg/L 14-SEP-18 | R4216253 
Orthophosphate-Dissolved (as P) <0.010 0.010 mg/L 14-SEP-18 | R4216405 
Dissolved Organic Carbon <0.50 0.50 mg/L 18-SEP-18 | R4226749 
Naphthenic Acids <0.10 0.10 mg/L 17-SEP-18 | 19-SEP-18 | R4223648 
Phenols (4AAP) <0.0010 0.0010 mg/L 01-OCT-18 | R4256907 
Boron (B)-Total <0.0020 0.0020 mg/L 02-OCT-18 | R4258478 
Total Dissolved Solids <12 12 mg/L 19-SEP-18 | R4227997 
Total Organic Carbon <0.50 0.50 mg/L 18-SEP-18 | R4223827 
Total Suspended Solids <3.0 3.0 mg/L 20-SEP-18 | 20-SEP-18 | R4228387 
Dissolved Boron by CRC CCMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Boron (B)-Dissolved <0.0020 0.0020 mg/L 02-OCT-18 | R4258478 
Dissolved Metals in Water by CRC ICPMS 
Dissolved Metals Filtration Location LAB 02-OCT-18 | R4258229 
Aluminum (Al)-Dissolved 0.0012 RRV 0.0010 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Barium (Ba)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Dissolved <0.010 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Dissolved <0.0000050 '0.0000050 mg/L 02-OCT-18 | R4258478 
Calcium (Ca)-Dissolved «0.50 0.50 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Dissolved <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Dissolved «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Iron (Fe)-Dissolved «0.010 0.010 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Dissolved «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Magnesium (Mg)-Dissolved «0.10 0.10 mg/L 02-OCT-18 | R4258478 
Manganese (Mn)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Dissolved «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Dissolved «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Potassium (K)-Dissolved <0.50 0.50 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Dissolved <0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Dissolved <0.050 0.050 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Sodium (Na)-Dissolved «1.0 1.0 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Dissolved «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Dissolved «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Dissolved «0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Dissolved «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Dissolved «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Zinc (Zn)-Dissolved «0.0010 0.0010 mg/L 02-OCT-18 | R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 
Information Act / Degamentélivulgué en vertu 
de la Loi sur l'acceagg l'istermation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 


L2164033-5 TB (TRIP BLANK) 

Sampled By: CLIENT on 13-SEP-18 @ 12:00 
Matrix: SW 

L2164033-6 FIELD BLANK 

Sampled By: CLIENT on 13-SEP-18 


Matrix: SW 

Chlorophyll a 
Chlorophyll a by fluorometry 
Chlorophyll a <0.10 0.10 ug/L 14-SEP-18 | 14-SEP-18 | R4254067 

GROUP 1 - RAMP 
Color, True 
Color, True <2.0 2.0 C.U. 14-SEP-18 | R4216326 
lon Balance Calculation 
lon Balance Low TDS % 03-OCT-18 

|  TDS (Calculated) «1.0 mg/L 03-OCT-18 

Hardness (as CaCO3) «1.0 mg/L 03-OCT-18 
pH, Conductivity and Alkalinity (T & P) 
pH | 5.23 0.10 pH 15-SEP-18 | R4216885 | 
Conductivity (EC) «2.0 2.0 uS/cm 15-SEP-18 | R4216885 
Bicarbonate Alkalinity (as HCO3) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Carbonate Alkalinity (as CO3) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Hydroxide Alkalinity (as OH) «5.0 5.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 2.0 mg/L 15-SEP-18 | R4216885 
Alkalinity, Total (as CaCO3) «2.0 2.0 mg/L 15-SEP-18 | R4216885 


GROUP 2 - RAMP 
Chloride in Water by IC 


Chloride (CI) «0.50 0.50 mg/L 14-SEP-18 | R4216859 
Sulfate in Water by IC 

Sulfate (SO4) «0.30 0.30 mg/L | 14-SEP-18 | R4216859 
Sulphide 

Sulphide (as S) | «0.0015 0.0015 mg/L 19-SEP-18 | R4228788 


GROUP 3 - RAMP 
Ammonia in Water by Colour 


Ammonia, Total (as N) «0.050 0.050 mg/L 14-SEP-18 | R4216414 
Nitrate in Water by IC 
Nitrate (as N) | <0.020 0.020 mg/L 14-SEP-18 | R4216859 
Nitrate+Nitrite 

| Nitrate and Мите (as N) <0.022 | 0.022 mg/L 17-SEP-18 
Nitrite in Water by IC | 
Nitrite (as М) | <0.010 0.010 mg/L 14-SEP-18 | R4216859 
TKN in Water by Colour | 
Total Kjeldahl Nitrogen | <0.20 0.20 mg/L 03-OCT-18 | 04-OCT-18 | R4259914 
Total Dissolved P in Water by Colour 
Phosphorus (P)-Total Dissolved | «0.0010 0.0010 mg/L 18-SEP-18 | R4220108 
Total P in Water by Colour 
Phosphorus (P)-Total | «0.0010 0.0010 mg/L 18-SEP-18 | R4220108 


GROUP 5 - RAMP HATFIELD | | 


Hydrocarbons,Rec. (I.R.) 
Hydrocarbons, Recoverable (І.К.) <1.0 1.0 mg/L 26-SEP-18 | R4251208 


Dissolved Metals 
Dissolved Metals by ICPOES 


Dissolved Metals Filtration Location LAB 03-OCT-18 | R4258574 
Calcium (Ca)-Dissolved | <0.10 0.10 mg/L 03-OCT-18 | R4258599 
Iron (Fe)-Dissolved | «0.030 0.030 mg/L 03-OCT-18 | R4258599 
Magnesium (Mg)-Dissolved «0.10 0.10 mg/L 03-OCT-18 | R4258599 
Manganese (Mn)-Dissolved | «0.0050 0.0050 mg/L 03-OCT-18 | R4258599 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 
Information Act / Dagthineñtdivulgué en vertu 
de la Loi sur l'accáséel' infermation. 


Version: FINAL REV. 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2164033-6 FIELD BLANK | 

Sampled By: CLIENT on 13-SEP-18 | 

Matrix: Sw | 
Dissolved Metals by ICPOES | 
Potassium (K)-Dissolved «0.50 0.50 mg/L 03-OCT-18 | R4258599 
Sodium (Na)-Dissolved «1.0 1.0 mg/L | 03-OCT-18 | R4258599 

Total Metals | 
Total Metals in Water by CRC ICPMS | 
Aluminum (Al)-Total «0.0030 0.0030 mg/L 02-OCT-18 | R4258478 
Antimony (Sb)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Arsenic (As)-Total «0.00010 0.00010 mg/L | 02-OCT-18 | R4258478 
Barium (Ba)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Beryllium (Be)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Bismuth (Bi)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Boron (B)-Total «0.010 0.010 mg/L 02-OCT-18 | R4258478 
Cadmium (Cd)-Total «0.0000050 0.0000050 mg/L 02-OCT-18 | R4258478 
Cesium (Cs)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Chromium (Cr)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Cobalt (Co)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Copper (Cu)-Total «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Lead (Pb)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Lithium (Li)-Total «0.0010 0.0010 mg/L 02-OCT-18 | R4258478 
Molybdenum (Mo)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Nickel (Ni)-Total «0.00050 0.00050 mg/L 02-OCT-18 | R4258478 
Phosphorus (P)-Total «0.050 0.050 mg/L 02-OCT-18 | R4258478 
Rubidium (Rb)-Total «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Selenium (Se)-Total «0.000050 0.000050 mg/L 02-OCT-18 | R4258478 
Silicon (Si)-Total «0.10 0.10 mg/L 02-OCT-18 | R4258478 
Silver (Ag)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Strontium (Sr)-Total «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Sulfur (S)-Total «0.50 0.50 mg/L 02-OCT-18 | R4258478 
Tellurium (Te)-Total «0.00020 0.00020 mg/L 02-OCT-18 | R4258478 
Thallium (TI)-Total «0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Thorium (Th)-Total «0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Tin (Sn)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Titanium (Ti)-Total <0.00030 0.00030 mg/L 02-OCT-18 | R4258478 
Tungsten (W)-Total <0.00010 0.00010 mg/L 02-OCT-18 | R4258478 
Uranium (U)-Total <0.000010 0.000010 mg/L 02-OCT-18 | R4258478 
Vanadium (V)-Total «0.00050 0.00050 mg/L | 02-OCT-18 | R4258478 
Zinc (Zn)-Total «0.0030 0.0030 тал. | 02-ОСТ-18 | R4258478 
Zirconium (Zr)-Total <0.000060 0.000060 mg/L | 02-OCT-18 | R4258478 
Total Metals in Water by ICPOES 
Calcium (Ca)-Total «0.10 0.10 mg/L 02-OCT-18 | R4257716 
Iron (Fe)-Total «0.030 0.030 mg/L 02-OCT-18 | R4257716 
Magnesium (Mg)-Total «0.10 0.10 mg/L 02-OCT-18 | R4257716 
Manganese (Mn)-Total «0.0050 0.0050 mg/L 02-OCT-18 | R4257716 
Potassium (K)-Total «0.50 0.50 mg/L 02-OCT-18 | R4257716 
Sodium (Na)-Total «1.0 1.0 mg/L 02-OCT-18 | R4257716 
Miscellaneous Parameters | 
Chlorine, Total <0.10 0.10 mg/L | 14-SEP-18 | R4216253 
Orthophosphate-Dissolved (as Р) <0.010 0.010 mg/L | 14-SEP-18 | R4216405 
Dissolved Organic Carbon 0.56 0.50 mg/L | 18-SEP-18 | R4226749 
Naphthenic Acids <0.10 0.10 mg/L | 17-SEP-18 | 19-SEP-18 | R4223648 
Phenols (4AAP) <0.0010 0.0010 mg/L 21-SEP-18 | R4231049 
Boron (B)-Total <0.0020 0.0020 mg/L 02-OCT-18 | R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Information Act / Васвупе на уијаче en vertu 
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ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters 


L2164033-6 FIELD BLANK 
Sampled By: CLIENT on 13-SEP-18 
Matrix: SW 

Total Dissolved Solids 

Mercury (Hg)-Total 

Total Organic Carbon 

Total Suspended Solids 

Diss. Mercury in Water by CVAFS (Ultra) 

Dissolved Mercury Filtration Location 

Mercury (Hg)-Dissolved 

Dissolved Boron by CRC CCMS 

Dissolved Metals Filtration Location 

Boron (B)-Dissolved 

Dissolved Metals in Water by CRC ICPMS 

Dissolved Metals Filtration Location 

Aluminum (Al)-Dissolved 

Antimony (Sb)-Dissolved 

Arsenic (As)-Dissolved 

Barium (Ba)-Dissolved 

Beryllium (Be)-Dissolved 

Bismuth (Bi)-Dissolved 

Boron (B)-Dissolved 

Cadmium (Cd)-Dissolved 

Calcium (Ca)-Dissolved 

Chromium (Cr)-Dissolved 

Cobalt (Co)-Dissolved 

Copper (Cu)-Dissolved 

Iron (Fe)-Dissolved 

Lead (Pb)-Dissolved 

Magnesium (Mg)-Dissolved 

Manganese (Mn)-Dissolved 

Molybdenum (Mo)-Dissolved 

Nickel (Ni)-Dissolved 

Potassium (K)-Dissolved 

Selenium (Se)-Dissolved 

Silicon (Si)-Dissolved 

Silver (Ag)-Dissolved 

Sodium (Na)-Dissolved 

Strontium (Sr)-Dissolved 

Thallium (TI)-Dissolved 

Tin (Sn)-Dissolved 

Titanium (Ti)-Dissolved 

Uranium (U)-Dissolved 

Vanadium (V)-Dissolved 

Zinc (Zn)-Dissolved 


Result 


«12 
«0.00050 
«0.50 
«3.0 


LAB 
«0.00050 


LAB 
«0.0020 


LAB 
«0.0010 
«0.00010 
«0.00010 
«0.00010 
«0.00010 
«0.000050 
«0.010 
«0.0000050 
«0.50 
«0.00010 
«0.00010 
«0.00020 
«0.010 
«0.000050 
«0.10 
«0.00010 
«0.000050 
«0.00050 
«0.50 
«0.000050 
«0.050 
«0.000010 
«1.0 
«0.00020 
«0.000010 
«0.00010 
«0.00030 
«0.000010 
«0.00050 
«0.0010 


Qualifier* 


RRV 


| 


Version: FINAL REV. 

D.L. Units Extracted Analyzed Batch 
12 mg/L 19-SEP-18 | R4227997 
0.00050 ug/L 21-SEP-18 | R4232461 
0.50 mg/L 18-SEP-18 | R4223827 
3.0 mg/L 20-SEP-18 | 20-SEP-18 | R4228387 
01-OCT-18 | R4254492 

0.00050 ug/L 01-OCT-18 | 02-OCT-18 | R4257841 
| 02-OCT-18 | R4258229 
0.0020 mg/L 02-OCT-18 | R4258478 
02-OCT-18 | R4258229 
0.0010 mg/L 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.000050 | mg/L 02-OCT-18 | R4258478 
0.010 mg/L 02-OCT-18 | R4258478 
0.0000050 mg/L 02-OCT-18 | R4258478 
0.50 mg/L 02-OCT-18 | R4258478 
0.00010 mg/L | 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.00020 mg/L 02-OCT-18 | R4258478 
0.010 mg/L 02-OCT-18 | R4258478 
0.000050 | mg/L 02-OCT-18 | R4258478 
0.10 mg/L 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.000050 | mg/L 02-OCT-18 | R4258478 
0.00050 mg/L 02-OCT-18 | R4258478 
0.50 mg/L 02-OCT-18 | R4258478 
0.000050 | mg/L 02-OCT-18 | R4258478 
0.050 mg/L 02-OCT-18 | R4258478 
0.000010 | mg/L 02-OCT-18 | R4258478 
1.0 mg/L 02-OCT-18 | R4258478 
0.00020 mg/L 02-OCT-18 | R4258478 
0.000010 | mg/L 02-OCT-18 | R4258478 
0.00010 mg/L 02-OCT-18 | R4258478 
0.00030 mg/L 02-OCT-18 | R4258478 
0.000010 | mg/L 02-OCT-18 | R4258478 
0.00050 mg/L 02-OCT-18 | R4258478 
0.0010 mg/L 02-OCT-18 | R4258478 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 

Information Act / Document divulgué en vertu 
Жаш СОМТО. 

de la Loi sur l'accès, alin formation. 


Reference Information Version: FINAL REV 

Sample Parameter Qualifier Key: 

Qualifier Description 

BL:INT Balance Reviewed: Interference Or Non-Measured Component 

MS-B Matrix Spike recovery could not be accurately calculated due to high analyte background in sample. 

RRV Reported Result Verified By Repeat Analysis 
Test Method References: 

ALS Test Code Matrix Test Description Method Reference** 

B-D-L-CCMS-CL Water Dissolved Boron by CRC CCMS APHA 3030B/6020A (mod) 


This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procudure involves filtration (APHA 3030B&E), then instrumental analysis is by collision cell 
inductively coupled plasma - mass spectrometry (modifed from EPA Method 60204). 


B-T-L-CCMS-CL Water Total B (Low) in Water by CRC ICPMS EPA 200.2/6020A (mod) 
Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS. 


Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 


C-DOC-HTC-WP Water Dissolved Organic Carbon by Combustion APHA 5310 B-WP 


Filtered (0.45 um) sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is 
oxidized to CO2 which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer. 


C-TOC-HTC-WP Water Total Organic Carbon by Combustion APHA 5310 B-WP 


Sample is acidified and purged to remove inorganic carbon, then injected into a heated reaction chamber where organic carbon is oxidized to CO2 
which is then transported in the carrier gas stream and measured via a non-dispersive infrared analyzer. 


CHL/A-ACET-FLUORO- Water Chlorophyll a by fluorometry EPA 445.0 ACET 
WP 


This analysis is done using procedures modified from EPA method 445.0. Chlorophyll a is determined by a 90 % acetone extraction followed with 
analysis by fluorometry using the non-acidification procedure. This method is not subject to interferences from chlorophyll b. 


CL-IC-N-ED Water Chloride in Water by IC EPA 300.1 (mod) 


Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 


CL2-TOT-ED Water Chlorine, Total APHA 4500 CI G-Colorimetry 


Chlorine (residual), as free or total, is analyzed using the DPD colourimetric method. The recommended hold time for these tests is 15 minutes; field 
testing is recommended for best results. Chlorine can be rapidly consumed by organic matter, if present, and dissipates rapidly into headspace. 


COL-TRU-ED Water Color, True APHA 2120 


True Colour is measured using a colorimeter by comparison to platinum-cobalt standards using the single wavelength method (450 - 465 nm) after 
filtration of sample through a 0.45 um filter. Colour measurements can be highly pH dependent, and apply to the pH of the sample as received (at time 
of testing), without pH adjustment. Concurrent measurement of sample pH is recommended. 


HG-D-U-CVAF-VA Water Diss. Mercury in Water by CVAFS (Ultra) APHA 3030 B / EPA 1631 REV. E 


This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from Method 1631 Rev. E. by the United States Environmental Protection Agency 
(EPA). The procedure may involve preliminary sample treatment by filtration (APHA 3030B) and involves a cold-oxidation of the acidified sample using 
bromine monochloride prior to a purge and trap concentration step and final reduction of the sample with stannous chloride. Instrumental analysis is by 
cold vapour atomic fluorescence spectrophotometry. 


HG-T-U-CVAF-VA Water Total Mercury in Water by CVAFS (Ultra) EPA 1631 REV. E 


This analysis is carried out using procedures adapted from Method 1631 Rev. E. by the United States Environmental Protection Agency (EPA). The 
procedure involves a cold-oxidation of the acidified sample using bromine monochloride prior to a purge and trap concentration step and final reduction 
of the sample with stannous chloride. Instrumental analysis is by cold vapour atomic fluorescence spectrophotometry. 


HOG-IR-ED Water Hydrocarbons,Rec. (I.R.) APHA 5520 C-Tetra CI Ext Infrared 


A water sample is acidified and then liquid-liquid extracted using tetrachloroethylene solvent, followed by filtration of the decanted solvent into a 
volumetric flask. The extract is treated with silica gel to remove polar, naturally-occurring hydrocarbons, to yield mineral oil and grease. Finally, the 
extract is brought to a discrete final volume and analysed by infrared spectrophotometry. The absorbance of the carbon-hydrogen bond in the infrared is 
used to measure oil and grease. Spectra are collected in transmission mode using a glass cuvette. 


IONBALANCE-ED Water lon Balance Calculation APHA 1030E 
MET-D-CCMS-CL Water Dissolved Metals in Water by CRC ICPMS APHA 3030B/6020A (mod) 
Water samples are filtered (0.45 um), preserved with nitric acid, and analyzed by CRC ICPMS. 
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Test Method References: 
ALS Test Code Matrix Test Description Method Reference** 


Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 


MET-DIS-ICP-CL Water Dissolved Metals by ICPOES APHA 3030B/EPA 6010B 


"This analysis is carried out using procedures adapted from "Standard Methods for the Examination of Water and Wastewater" published by the 
American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by the United 
States Environmental Protection Agency (EPA). The procedure involves filtration (APHA Method 3030B) and analysis by inductively coupled plasma - 
optical emission spectrophotometry (EPA Method 6010B). 


MET-T-CCMS-CL Water Total Metals in Water by CRC ICPMS EPA 200.2/6020A (mod) 
Water samples are digested with nitric and hydrochloric acids, and analyzed by CRC ICPMS. 


Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 
MET-TOT-ICP-CL Water Total Metals in Water by ICPOES EPA 200.2/6010B 


Water samples are digested with nitric and hydrochloric acids, and analyzed by inductively coupled plasma - optical emission spectrophotometry (EPA 
Method 6010B). Method Limitation (re: Sulfur): Sulfide and volatile sulfur species may not be recovered by this method. 


NAPHTHENIC ACID-L-FM Water Naphthenic Acids by FTIR (Low Level) Naphthenic Acids by FTIR,Syncrude, 1994 


Dissolved naphthenic acids are solvent extracted from acidified aqueous samples using Dichloromethane prior to quantitation by Fourier Transform 
Infra-Red spectroscopy. Note that FTIR is not uniquely selective to naphthenic acids. If present, other carboxylic acids (e.g. humic acids, fulvic acids) 
may also be detected by this method. 


NH3-COL-ED Water Ammonia in Water by Colour APHA 4500 NH3-NITROGEN (AMMONIA) 


This analysis is carried out using procedures adapted from APHA Method 4500 NH3 "NITROGEN (AMMONIA)". Ammonia is determined using the 
automated phenate colourimetric method. 


NO2*NO3-CALC-ED Water Nitrate+Nitrite CALCULATION 
NO2-IC-N-ED Water Nitrite in Water by IC EPA 300.1 (mod) 
Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 
NO3-IC-N-ED Water Nitrate in Water by IC EPA 300.1 (mod) 


Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 


P-T-L-COL-ED Water Total P in Water by Colour APHA 4500-P PHOSPHORUS 


This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Phosphorus is determined colourimetrically after 
persulphate digestion of the sample. 


P-TD-L-COL-ED Water Total Dissolved P in Water by Colour APHA 4500-P PHOSPHORUS 


This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Total Dissolved Phosphorous is determined 
colourimetrically after persulphate digestion of a sample that has been lab or field filtered through a 0.45 micron membrane filter. 


PH/EC/ALKS-ED Water pH, Conductivity and Alkalinity (T & P) APHA 4500-H, 2510, 2320 


All samples analyzed by this method for pH will have exceeded the 15 minute recommended hold time from time of sampling (field analysis is 
recommended for pH where highly accurate results are needed) 


PHENOLS-4AAP-WT Water Phenol (4AAP) EPA 9066 


An automated method is used to distill the sample. The distillate is then buffered to pH 9.4 which reacts with 4AAP and potassium ferricyanide to form a 
red complex which is measured colorimetrically. 


PO4-DO-COL-ED Water Diss. Orthophosphate in Water by Colour APHA 4500-P PHOSPHORUS 


This analysis is carried out using procedures adapted from APHA Method 4500-P "Phosphorus". Dissolved Orthophosphate is determined 
colourimetrically on a sample that has been lab or field filtered through a 0.45 micron membrane filter. 


SO4-IC-N-ED Water Sulfate in Water by IC EPA 300.1 (mod) 

Inorganic anions are analyzed by lon Chromatography with conductivity and/or UV detection. 

SOLIDS-TDS-FM Water Total Dissolved Solids (TDS) APHA 2540 C 

Gravimetric determination of solids in waters by filtration and evaporating filtrate to dryness at 180 degrees Celsius. 
SOLIDS-TOTSUS-FM Water Total Suspended Solids (TSS) APHA 2540 D 

Gravimetric determination of solids in waters by filtration and drying filter at 104 degrees Celsius. 

SULPHIDE-CFA-ED Water Sulphide APHA 4500 -S E-Auto-Colorimetry 


A continuous flow manifold adds НСІ to the sample which converts sulphide to a gas, then the sulphide is separated from the flow using a gas dialysis 
membrane. A colorimetric reaction produces a methylene blue compound which is measured at 660 nm. This follows the Standard Methods procedure 
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Reference Information Version: -FINAL REV 
Test Method References: 
ALS Test Code Matrix Test Description Method Reference** 
4500 S-E. 
TKN-CFA-ED Water TKN in Water by Colour APHA 4500-NORG (TKN) 


This analysis is carried out using procedures adapted from APHA Method 4500-Norg "Nitrogen (Organic)". Total Kjeldahl Nitrogen is determined by 
sample digestion at 380 celcius with analysis using an automated colourimetric finish. 


** ALS test methods may incorporate modifications from specified reference methods to improve performance. 


The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below: 


Laboratory Definition Code Laboratory Location : 
FM ALS ENVIRONMENTAL - FORT MCMURRAY, ALBERTA, CANADA 


ED ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA 
WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA 
WP ALS ENVIRONMENTAL - WINNIPEG, MANITOBA, CANADA 
VA ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA 


CL ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA 


Chain of Custody Numbers: 


GLOSSARY OF REPORT TERMS 

Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there. 

mg/kg - milligrams per kilogram based on dry weight of sample 

mg/kg wwt - milligrams per kilogram based on wet weight of sample 

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight 

mg/L - unit of concentration based on volume, parts per million. 

< - Less than. 

D.L. - The reporting limit. 

N/A - Result not available. Refer to qualifier code and definition for explanation. 


Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 


Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 
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ALS 
Environmental 


Client: 


Hatfield Consultants 
200-580 Harbourside Drive 
North Vancouver BC V7P 0A3 


Contact: Chris Jaeggle 
Test Matrix 


B-D-L-CCMS-CL Water 


Batch R4258478 
WG2893782-3 DUP 
Boron (B)-Dissolved 


WG2893782-10 LCS 
Boron (B)-Dissolved 


WG2893782-14 LCS 
Boron (B)-Dissolved 


WG2893782-2 LCS 
Boron (B)-Dissolved 


WG2893782-6 LCS 
Boron (B)-Dissolved 


WG2893782-1 MB 
Boron (B)-Dissolved 


WG2893782-13 MB 
Boron (B)-Dissolved 


WG2893782-5 MB 
Boron (B)-Dissolved 


WG2893782-9 MB 
Boron (B)-Dissolved 


WG2893782-4 MS 
Boron (B)-Dissolved 


B-T-L-CCMS-CL Water 


Batch R4253268 
WG2891783-2 LCS 
Boron (B)-Total 


WG2891783-1 MB 
Boron (B)-Total 


Batch R4256952 
WG2891783-5 LCS 
Boron (B)-Total 


WG2891783-4 MB 
Boron (B)-Total 


Batch R4258478 
WG2891783-6 DUP 
Boron (B)-Total 


WG2891783-8 LCS 
Boron (B)-Total 


WG2891783-7 MB 
Boron (B)-Total 


Reference 


L2164033-1 


0.0670 


TMRM 


TMRM 


TMRM 


TMRM 


L2164033-6 


TMRM 


TMRM 


L2164033-1 
0.0747 


TMRM 


Result 


0.0685 


102.7 


94.4 


98.7 


103.1 


<0.0020 


<0.0020 


<0.0020 


<0.0020 


107.2 


115.4 


<0.0020 


84.3 


<0.0020 


0.0758 


98.9 


<0.0020 


Qualifier 


Quality Control Report 
Workorder: L2164033 


Units 


mg/L 


% 


% 


% 


% 


mg/L 


mg/L 


mg/L 


mg/L 


% 


% 


mg/L 


% 


mg/L 


mg/L 


% 


mg/L 


Report Date: 11-DEC-18 


RPD 


2.3 


1.4 


Page 1 of 35 

Limit Analyzed 

20 02-OCT-18 
80-120 02-OCT-18 
80-120 02-OCT-18 
80-120 02-OCT-18 
80-120 02-OCT-18 
0.002 02-OCT-18 
0.002 02-OCT-18 
0.002 02-OCT-18 
0.002 02-OCT-18 
70-130 02-OCT-18 
80-120 01-OCT-18 
0.002 01-OCT-18 
80-120 01-OCT-18 
0.002 01-OCT-18 
20 02-OCT-18 
80-120 02-OCT-18 
0.002 02-OCT-18 
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AUS 
Environmental 


Test Matrix 
C-DOC-HTC-WP Water 
Batch R4226749 


WG2880480-2 LCS 
Dissolved Organic Carbon 


WG2880480-1 MB 
Dissolved Organic Carbon 
C-TOC-HTC-WP Water 


Batch R4223827 
WG2880525-2 LCS 
Total Organic Carbon 


WG2880525-1 MB 
Total Organic Carbon 


CHL/A-ACET-FLUORO-WP Water 


Batch R4254067 
WG2891755-8 DUP 
Chlorophyll a 
WG2891755-9 LCS 
Chlorophyll a 
WG2891755-1 MB 
Chlorophyll a 
WG2891755-2 MB 
Chlorophyll a 
WG2891755-3 MB 
Chlorophyll a 
WG2891755-4 MB 
Chlorophyll a 

CL-IC-N-ED Water 
Batch R4216859 
WG2875838-11 LCS 
Chloride (С!) 
WG2875838-13 LCS 
Chloride (Cl) 
WG2875838-15 LCS 
Chloride (С!) 
WG2875838-2 LCS 
Chloride (Cl) 
WG2875838-1 MB 
Chloride (СІ) 
WG2875838-12 MB 
Chloride (Cl) 


Workorder: 


Reference 


L2164033-4 
3.55 


Quality Control Report 
L2164033 


Result Qualifier Units 
101.8 % 
<0.50 mg/L 
105.3 % 
<0.50 mg/L 
3.60 ug/L 
97.8 % 
<0 10 ug/L 
<0.10 ug/L 
«0.10 ug/L 
«0.10 ug/L 
101.3 % 
102.7 % 
101.5 % 
101.3 % 
<0.50 mg/L 
<0.50 mg/L 


Report Date: 11-DEC-18 


RPD 


1.4 


Page 2 of 35 
Limit Analyzed 
80-120 18-SEP-18 
0.5 18-SEP-18 
80-120 18-SEP-18 
0.5 18-SEP-18 
35 14-SEP-18 
80-120 01-OCT-18 
0.1 24-SEP-18 
0.1 25-SEP-18 
0.1 26-SEP-18 
0.1 14-SEP-18 
90-110 13-SEP-18 
90-110 14-SEP-18 
90-110 14-SEP-18 
90-110 13-SEP-18 
0.5 13-SEP-18 
0.5 13-SEP-18 
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AUS 
Environmental 


Test Matrix 


CL-IC-N-ED Water 


Batch R4216859 
WG2875838-14 MB 
Chloride (CI) 


WG2875838-16 MB 
Chloride (Cl) 


CL2-TOT-ED Water 


Batch R4216253 
WG2876840-3 DUP 
Chlorine, Total 


WG2876840-2 LCS 
Chlorine, Total 


WG2876840-1 MB 
Chlorine, Total 


COL-TRU-ED Water 
Batch R4216326 
WG2876948-3 DUP 

Color, True 

WG2876948-2 LCS 

Color, True 

WG2876948-1 MB 

Color, True 
HG-D-U-CVAF-VA Water 
Batch R4257841 


WG2891978-3 DUP 
Mercury (Hg)-Dissolved 


WG2891978-2 LCS 
Mercury (Hg)-Dissolved 


WG2892801-2 LCS 
Mercury (Hg)-Dissolved 


WG2891978-1 MB 
Mercury (Hg)-Dissolved 


WG2892801-1 MB 
Mercury (Hg)-Dissolved 


WG2891978-4 MS 
Mercury (Hg)-Dissolved 


HG-T-U-CVAF-VA Water 


Workorder: 


Reference 


L2164033-4 
<0.10 


L2164033-2 
131 


L2164033-2 
0.00070 


LF 


L2164033-1 


Result Qualifier 


<0.50 


<0.50 


<0.10 RPD-NA 


106.0 


<0.10 


130 


96.3 


<2.0 


0.00078 


99.4 


99.4 


<0.00050 


<0.00050 


98.0 


Quality Control Report 
L2164033 


Units 


mg/L 


mg/L 


mg/L 


% 


mg/L 


C.U. 


% 


C.U. 


ug/L 


% 


% 


ug/L 


ug/L 


% 


Report Date: 11-DEC-18 


RPD 


N/A 


0.1 


11 


Page 3 of 35 

Limit Analyzed 

0.5 14-SEP-18 
0.5 14-SEP-18 
15 14-SEP-18 
75-125 14-SEP-18 
0.1 14-SEP-18 
20 14-SEP-18 
85-115 14-SEP-18 
2 14-SEP-18 
20 02-OCT-18 
80-120 02-OCT-18 
80-120 02-OCT-18 
0.0005 02-OCT-18 
0.0005 02-OCT-18 
70-130 02-OCT-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 4 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
HG-T-U-CVAF-VA Water 
Batch R4232461 
WG2883167-2 LCS 
Mercury (Hg)-Total 94.3 % 80-120 21-SEP-18 
WG2883167-1 MB 
Mercury (Hg)-Total <0.00050 ug/L 0.0005 21-SEP-18 
HOG-IR-ED Water 
Batch R4242690 
WG2886304-2 LCS 
Hydrocarbons, Recoverable (I.R.) 95.0 % 70-130 25-SEP-18 
WG2886304-1 MB 
Hydrocarbons, Recoverable (I.R.) <1.0 mg/L 1 25-SEP-18 
Batch R4251208 
WG2887386-2 LCS 
Hydrocarbons, Recoverable (I.R.) 96.2 % 70-130 26-SEP-18 
WG2887386-1 MB 
Hydrocarbons, Recoverable (І.К.) <1.0 mg/L 1 26-SEP-18 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-3 DUP L2164033-1 
Aluminum (Al)-Dissolved <0.0010 0.0010 RPD-NA mg/L N/A 20 02-OCT-18 
Antimony (Sb)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Arsenic (As)-Dissolved 0.00036 0.00036 mg/L 0.1 20 02-OCT-18 
Barium (Ba)-Dissolved 0.0406 0.0409 mg/L 0.9 20 02-OCT-18 
Beryllium (Be)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Bismuth (Bi)-Dissolved «0.000050 «0.000050 RPD-NA mg/L N/A 20 02-OCT-18 
Boron (B)-Dissolved 0.067 0.069 mg/L 2.3 20 02-OCT-18 
Cadmium (Cd)-Dissolved «0.0000050 <0.000005С RPD-NA mg/L N/A 20 02-OCT-18 
Calcium (Ca)-Dissolved 40.5 40.9 mg/L 0.9 20 02-OCT-18 
Cesium (Cs)-Dissolved «0.000010 «0.000010 RPD-NA mg/L N/A 20 02-OCT-18 
Chromium (Cr)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Cobalt (Co)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Copper (Cu)-Dissolved 0.00031 0.00029 mg/L 84 20 02-OCT-18 
Lead (Pb)-Dissolved «0.000050 «0.000050 RPD-NA mg/L N/A 20 02-OCT-18 
Lithium (Li)-Dissolved 0.0083 0.0085 mg/L 1.5 20 02-OCT-18 
Magnesium (Mg)-Dissolved 12.5 12.6 mg/L 0.8 20 02-OCT-18 
Molybdenum (Mo)-Dissolved 0.000337 0.000354 mg/L 4.9 20 02-OCT-18 
Nickel (Ni)-Dissolved 0.00090 0.00089 mg/L 1.7 20 02-OCT-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 5 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-3 DUP L2164033-1 
Phosphorus (P)-Dissolved <0.050 <0.050 RPD-NA mg/L N/A 20 02-OCT-18 
Potassium (K)-Dissolved 1.97 1.99 mg/L 0.9 20 02-OCT-18 
Rubidium (Rb)-Dissolved 0.00144 0.00149 mg/L 3.4 20 02-OCT-18 
Selenium (Se)-Dissolved 0.000058 0.000057 mg/L 1.9 20 02-OCT-18 
Silicon (Si)-Dissolved 3.56 3.59 mg/L 1.0 20 02-OCT-18 
Silver (Ag)-Dissolved «0.000010 «0.000010 RPD-NA mg/L N/A 20 02-OCT-18 
Sodium (Na)-Dissolved 12.6 12.9 mg/L 1.7 20 02-OCT-18 
Strontium (Sr)-Dissolved 0.124 0.129 mg/L 4.3 20 02-OCT-18 
Sulfur (S)-Dissolved 7.47 7.51 mg/L 0.5 20 02-OCT-18 
Tellurium (Te)-Dissolved «0.00020 «0.00020 RPD-NA mg/L N/A 20 02-OCT-18 
Thallium (Tl)-Dissolved <0.000010 <0.000010 RPD-NA mg/L N/A 20 02-OCT-18 
Thorium (Th)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Tin (Sn)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Titanium (Ti)-Dissolved «0.00030 «0.00030 RPD-NA mg/L N/A 20 02-OCT-18 
Tungsten (W)-Dissolved «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Uranium (U)-Dissolved 0.000212 0.000217 mg/L 2.3 20 02-OCT-18 
Vanadium (V)-Dissolved «0.00050 «0.00050 RPD-NA mg/L N/A 20 02-OCT-18 
Zinc (Zn)-Dissolved «0.0010 «0.0010 RPD-NA mg/L N/A 20 02-OCT-18 
Zirconium (Zr)-Dissolved 0.000181 0.000201 mg/L 10 20 02-OCT-18 
WG2893782-10 LCS TMRM 
Aluminum (Al)-Dissolved 113.5 % 80-120 02-ОСТ-18 
Antimony (Sb)-Dissolved 104.0 % 80-120 02-OCT-18 
Arsenic (As)-Dissolved 104.3 % 80-120 02-ОСТ-18 
Вапит (Ba)-Dissolved 108.0 % 80-120 02-ОСТ-18 
Beryllium (Be)-Dissolved 106.2 % 80-120 02-ОСТ-18 
Bismuth (Bi)-Dissolved 104.2 % 80-120 02-ОСТ-18 
Вогоп (B)-Dissolved 102.7 % 80-120 02-ОСТ-18 
Cadmium (Cd)-Dissolved 103.7 % 80-120 02-ОСТ-18 
Calcium (Ca)-Dissolved 108.1 % 80-120 02-OCT-18 
Cesium (Cs)-Dissolved 105.0 % 80-120 02-OCT-18 
Chromium (Cr)-Dissolved 109.9 % 80-120 02-ОСТ-18 
Cobalt (Co)-Dissolved 108.5 % 80-120 02-ОСТ-18 
Copper (Cu)-Dissolved 105.4 % 80-120 02-OCT-18 
Iron (Fe)-Dissolved 110.2 % 80-120 02-ОСТ-18 
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ALS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 6 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-10 LCS TMRM 
Lead (Pb)-Dissolved 106.5 % 80-120 02-ОСТ-18 
Lithium (Li)-Dissolved 107.8 % 80-120 02-ОСТ-18 
Magnesium (Mg)-Dissolved 114.1 % 80-120 02-ОСТ-18 
Мапдапезе (Mn)-Dissolved 110.1 % 80-120 02-ОСТ-18 
Molybdenum (Mo)-Dissolved 107.6 % 80-120 02-ОСТ-18 
Nickel (Ni)-Dissolved 105.8 % 80-120 02-OCT-18 
Phosphorus (P)-Dissolved 106.9 % 70-130 02-ОСТ-18 
Potassium (K)-Dissolved 109.6 % 80-120 02-OCT-18 
Rubidium (Rb)-Dissolved 103.9 % 80-120 02-ОСТ-18 
Selenium (Se)-Dissolved 99.0 % 80-120 02-ОСТ-18 
Silicon (Si)-Dissolved 108.5 % 60-140 02-ОСТ-18 
Silver (Ag)-Dissolved 105.2 % 80-120 02-ОСТ-18 
Sodium (Na)-Dissolved 112.4 % 80-120 02-OCT-18 
Strontium (Sr)-Dissolved 110.4 % 80-120 02-OCT-18 
Sulfur (S)-Dissolved 104.4 % 80-120 02-ОСТ-18 
Tellurium (Te)-Dissolved 96.3 % 80-120 02-ОСТ-18 
Thallium (TI)-Dissolved 105.7 % 80-120 02-ОСТ-18 
Thorium (Th)-Dissolved 104.1 % 80-120 02-OCT-18 
Tin (Sn)-Dissolved 105.4 % 80-120 02-ОСТ-18 
Titanium (Ti)-Dissolved 101.6 % 80-120 02-ОСТ-18 
Tungsten (W)-Dissolved 104.7 % 80-120 02-ОСТ-18 
Uranium (U)-Dissolved 111.4 % 80-120 02-ОСТ-18 
Vanadium (V)-Dissolved 109.9 % 80-120 02-ОСТ-18 
Zinc (Zn)-Dissolved 107.0 % 80-120 02-ОСТ-18 
Zirconium (Zr)-Dissolved 107.2 % 80-120 02-OCT-18 
WG2893782-14 LCS TMRM 
Aluminum (Al)-Dissolved 105.9 % 80-120 02-OCT-18 
Antimony (Sb)-Dissolved 105.1 % 80-120 02-ОСТ-18 
Arsenic (As)-Dissolved 101.3 % 80-120 02-ОСТ-18 
Вапит (Ba)-Dissolved 104.8 % 80-120 02-ОСТ-18 
Beryllium (Be)-Dissolved 98.5 % 80-120 02-ОСТ-18 
Bismuth (Bi)-Dissolved 103.8 % 80-120 02-ОСТ-18 
Boron (B)-Dissolved 94.4 % 80-120 02-ОСТ-18 
Cadmium (Cd)-Dissolved 100.2 % 80-120 02-ОСТ-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 7 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-14 LCS TMRM 
Calcium (Ca)-Dissolved 98.1 % 80-120 02-OCT-18 
Cesium (Cs)-Dissolved 101.3 % 80-120 02-ОСТ-18 
Chromium (Cr)-Dissolved 104.9 % 80-120 02-ОСТ-18 
Cobalt (Co)-Dissolved 102.8 % 80-120 02-ОСТ-18 
Copper (Cu)-Dissolved 101.0 % 80-120 02-ОСТ-18 
Iron (Fe)-Dissolved 104.9 % 80-120 02-ОСТ-18 
Lead (Pb)-Dissolved 103.3 % 80-120 02-ОСТ-18 
Lithium (Li)-Dissolved 95.2 % 80-120 02-OCT-18 
Magnesium (Mg)-Dissolved 108.6 % 80-120 02-ОСТ-18 
Manganese (Mn)-Dissolved 103.2 % 80-120 02-OCT-18 
Molybdenum (Mo)-Dissolved 107.2 % 80-120 02-ОСТ-18 
Nickel (Ni)-Dissolved 101.6 % 80-120 02-ОСТ-18 
Phosphorus (P)-Dissolved 107.3 % 70-130 02-ОСТ-18 
Potassium (K)-Dissolved 105.2 % 80-120 02-OCT-18 
Rubidium (Rb)-Dissolved 100.3 % 80-120 02-OCT-18 
Selenium (Se)-Dissolved 992 96 80-120 02-OCT-18 
Silicon (Si)-Dissolved 104.3 % 60-140 02-ОСТ-18 
Silver (Ag)-Dissolved 102.5 % 80-120 02-OCT-18 
Sodium (Na)-Dissolved 107.6 % 80-120 02-OCT-18 
Strontium (Sr)-Dissolved 108.0 % 80-120 02-ОСТ-18 
Sulfur (S)-Dissolved 99.1 % 80-120 02-OCT-18 
Tellurium (Te)-Dissolved 99.0 % 80-120 02-OCT-18 
Thallium (TI)-Dissolved 101.8 % 80-120 02-ОСТ-18 
Thorium (Th)-Dissolved 102.2 % 80-120 02-ОСТ-18 
Тїп (Sn)-Dissolved 102.5 % 80-120 02-ОСТ-18 
Titanium (Ti)-Dissolved 96.6 % 80-120 02-OCT-18 
Tungsten (W)-Dissolved 102.5 % 80-120 02-ОСТ-18 
Uranium (U)-Dissolved 105.6 % 80-120 02-OCT-18 
Vanadium (V)-Dissolved 104.5 % 80-120 02-ОСТ-18 
Zinc (Zn)-Dissolved 105.3 % 80-120 02-ОСТ-18 
Zirconium (Zr)-Dissolved 105.9 % 80-120 02-ОСТ-18 
WG2893782-2 LCS TMRM 
Aluminum (Al)-Dissolved 103.9 % 80-120 02-OCT-18 
Antimony (Sb)-Dissolved 99.3 % 80-120 02-OCT-18 


001197 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 8 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-2 LCS TMRM 
Arsenic (As)-Dissolved 97.9 % 80-120 02-OCT-18 
Barium (Ba)-Dissolved 103.4 % 80-120 02-ОСТ-18 
Beryllium (Be)-Dissolved 94.8 % 80-120 02-ОСТ-18 
Bismuth (Bi)-Dissolved 98.4 % 80-120 02-ОСТ-18 
Вогоп (B)-Dissolved 98.7 % 80-120 02-ОСТ-18 
Cadmium (Cd)-Dissolved 99.4 % 80-120 02-ОСТ-18 
Calcium (Ca)-Dissolved 98.5 % 80-120 02-ОСТ-18 
Cesium (Cs)-Dissolved 98.7 % 80-120 02-ОСТ-18 
Chromium (Cr)-Dissolved 103.6 96 80-120 02-OCT-18 
Cobalt (Co)-Dissolved 102.9 % 80-120 02-ОСТ-18 
Copper (Cu)-Dissolved 101.2 % 80-120 02-OCT-18 
Iron (Fe)-Dissolved 106.1 % 80-120 02-ОСТ-18 
Lead (Pb)-Dissolved 99.9 % 80-120 02-OCT-18 
Lithium (Li)-Dissolved 96.2 % 80-120 02-ОСТ-18 
Magnesium (Mg)-Dissolved 104.0 % 80-120 02-OCT-18 
Manganese (Mn)-Dissolved 103.0 % 80-120 02-OCT-18 
Molybdenum (Mo)-Dissolved 103.3 % 80-120 02-ОСТ-18 
Nickel (Ni)-Dissolved 100.8 % 80-120 02-OCT-18 
Phosphorus (P)-Dissolved 102.5 % 70-130 02-ОСТ-18 
Potassium (K)-Dissolved 104.4 % 80-120 02-ОСТ-18 
Rubidium (Rb)-Dissolved 105.7 96 80-120 02-OCT-18 
Selenium (Se)-Dissolved 95.8 % 80-120 02-ОСТ-18 
Silicon (Si)-Dissolved 102.5 % 60-140 02-OCT-18 
Silver (Ag)-Dissolved 98.4 % 80-120 02-OCT-18 
Sodium (Na)-Dissolved 103.7 % 80-120 02-ОСТ-18 
Strontium (Sr)-Dissolved 102.6 % 80-120 02-OCT-18 
Sulfur (S)-Dissolved 95.5 % 80-120 02-OCT-18 
Tellurium (Te)-Dissolved 91.4 % 80-120 02-ОСТ-18 
Thallium (TI)-Dissolved 96.6 % 80-120 02-ОСТ-18 
Thorium (Th)-Dissolved 98.3 % 80-120 02-ОСТ-18 
Tin (Sn)-Dissolved 100.2 % 80-120 02-ОСТ-18 
Titanium (Ti)-Dissolved 103.8 % 80-120 02-ОСТ-18 
Tungsten (W)-Dissolved 100.7 % 80-120 02-OCT-18 
Uranium (U)-Dissolved 100.3 % 80-120 02-ОСТ-18 


001198 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 9 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 

WG2893782-2 LCS TMRM 

Vanadium (V)-Dissolved 104.7 % 80-120 02-ОСТ-18 
Zinc (Zn)-Dissolved 99.8 80-120 02-OCT-18 
Zirconium (Zr)-Dissolved 101.6 % 80-120 02-ОСТ-18 

WG2893782-6 LCS TMRM 

Aluminum (Al)-Dissolved 105.2 % 80-120 02-ОСТ-18 
Antimony (Sb)-Dissolved 106.9 % 80-120 02-OCT-18 
Arsenic (As)-Dissolved 101.8 % 80-120 02-ОСТ-18 
Вапит (Ba)-Dissolved 108.1 % 80-120 02-ОСТ-18 
Вегуйит (Be)-Dissolved 101.3 % 80-120 02-ОСТ-18 
Bismuth (Bi)-Dissolved 104.2 % 80-120 02-OCT-18 
Boron (B)-Dissolved 103.1 % 80-120 02-ОСТ-18 
Cadmium (Cd)-Dissolved 100.7 % 80-120 02-ОСТ-18 
Calcium (Ca)-Dissolved 106.8 % 80-120 02-ОСТ-18 
Cesium (Cs)-Dissolved 106.9 % 80-120 02-OCT-18 
Chromium (Cr)-Dissolved 106.9 % 80-120 02-OCT-18 
Cobalt (Co)-Dissolved 106.1 % 80-120 02-OCT-18 
Copper (Cu)-Dissolved 103.4 % 80-120 02-ОСТ-18 
|гоп (Fe)-Dissolved 108.0 % 80-120 02-ОСТ-18 
Lead (Pb)-Dissolved 106.1 % 80-120 02-ОСТ-18 
Lithium (Li)-Dissolved 99.5 80-120 02-OCT-18 
Magnesium (Mg)-Dissolved 108.5 % 80-120 02-ОСТ-18 
Manganese (Mn)-Dissolved 105.7 80-120 02-OCT-18 
Molybdenum (Mo)-Dissolved 113.3 % 80-120 02-OCT-18 
Nickel (Ni)-Dissolved 102.5 % 80-120 02-OCT-18 
Phosphorus (P)-Dissolved 102.5 % 70-130 02-ОСТ-18 
Potassium (K)-Dissolved 105.3 % 80-120 02-ОСТ-18 
Rubidium (Rb)-Dissolved 101.0 % 80-120 02-OCT-18 
Selenium (Se)-Dissolved 97.6 % 80-120 02-ОСТ-18 
Silicon (Si)-Dissolved 104.0 % 60-140 02-ОСТ-18 
Silver (Ag)-Dissolved 105.2 % 80-120 02-ОСТ-18 
Sodium (Na)-Dissolved 105.0 % 80-120 02-ОСТ-18 
Strontium (Sr)-Dissolved 111.8 % 80-120 02-OCT-18 
Sulfur (S)-Dissolved 101.2 % 80-120 02-OCT-18 
Tellurium (Te)-Dissolved 97.5 % 80-120 02-ОСТ-18 


001199 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 10 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-6 LCS TMRM 
Thallium (TI)-Dissolved 103.7 % 80-120 02-ОСТ-18 
Thorium (Th)-Dissolved 105.0 % 80-120 02-ОСТ-18 
Tin (Sn)-Dissolved 105.3 % 80-120 02-OCT-18 
Titanium (Ti)-Dissolved 99.6 % 80-120 02-OCT-18 
Tungsten (W)-Dissolved 104.7 % 80-120 02-ОСТ-18 
Uranium (U)-Dissolved 109.5 % 80-120 02-ОСТ-18 
Vanadium (V)-Dissolved 107.3 96 80-120 02-OCT-18 
Zinc (Zn)-Dissolved 102.9 % 80-120 02-OCT-18 
Zirconium (Zr)-Dissolved 108.8 % 80-120 02-ОСТ-18 
WG2893782-1 MB 
Aluminum (Al)-Dissolved <0.0010 mg/L 0.001 02-OCT-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Boron (B)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005 02-OCT-18 
Calcium (Ca)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Lead (Pb)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 02-OCT-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Potassium (K)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 


001200 
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Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 11 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-1 МВ 
Silicon (Si)-Dissolved <0.050 mg/L 0.05 02-OCT-18 
Silver (Ag)-Dissolved <0.000010 mg/L 0.00001 02-OCT-18 
Sodium (Na)-Dissolved <0.050 mg/L 0.05 02-OCT-18 
Strontium (Sr)-Dissolved <0.00020 mg/L 0.0002 02-OCT-18 
Sulfur (S)-Dissolved <0.50 mg/L 0.5 02-OCT-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Thallium (TI)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Thorium (Th)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Tin (Sn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Titanium (Ti)-Dissolved «0.00030 mg/L 0.0003 02-OCT-18 
Tungsten (W)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Uranium (U)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Vanadium (V)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 02-OCT-18 
WG2893782-13 MB 
Aluminum (Al)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Boron (B)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005 02-OCT-18 
Calcium (Ca)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Lead (Pb)-Dissolved . «0.000050 mg/L 0.00005 02-OCT-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 02-OCT-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 


001201 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 12 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-13 MB 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Potassium (K)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Silicon (Si)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Silver (Ag)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Sodium (Na)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Strontium (Sr)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Sulfur (S)-Dissolved «0.50 mg/L 0.5 02-OCT-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Thallium (TI)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Thorium (Th)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Tin (Sn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Titanium (Ti)-Dissolved «0.00030 mg/L 0.0003 02-OCT-18 
Tungsten (W)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Uranium (U)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Vanadium (V)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 02-OCT-18 
WG2893782-5 MB 
Aluminum (Al)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Boron (B)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005 02-OCT-18 
Calcium (Ca)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
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de la Loi sur l'accés à l'information. 
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Environmental 
Quality Control Report 
Workorder: L2164033 Report Date: 11-DEC-18 Page 13 of 35 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 

WG2893782-5 MB 

Copper (Cu)-Dissolved <0.00020 mg/L 0.0002 02-OCT-18 
Iron (Fe)-Dissolved <0.010 mg/L 0.01 02-OCT-18 
Lead (Pb)-Dissolved <0.000050 mg/L 0.00005 02-OCT-18 
Lithium (Li)-Dissolved <0.0010 mg/L 0.001 02-OCT-18 
Magnesium (Mg)-Dissolved <0.0050 mg/L 0.005 02-OCT-18 
Manganese (Mn)-Dissolved <0.00010 mg/L 0.0001 02-OCT-18 
Molybdenum (Mo)-Dissolved <0.000050 mg/L 0.00005 02-OCT-18 
Nickel (Ni)-Dissolved <0.00050 mg/L 0.0005 02-OCT-18 
Phosphorus (P)-Dissolved <0.050 mg/L 0.05 02-OCT-18 
Potassium (K)-Dissolved <0.050 mg/L 0.05 02-OCT-18 
Rubidium (Rb)-Dissolved | <0.00020 mg/L 0.0002 02-OCT-18 
Selenium (Se)-Dissolved <0.000050 mg/L 0.00005 02-OCT-18 
Silicon (Si)-Dissolved <0.050 mg/L 0.05 02-OCT-18 
Silver (Ag)-Dissolved <0.000010 mg/L 0.00001 02-OCT-18 
Sodium (Na)-Dissolved <0.050 mg/L 0.05 02-OCT-18 
Strontium (Sr)-Dissolved <0.00020 mg/L 0.0002 02-OCT-18 
Sulfur (S)-Dissolved <0.50 mg/L 0.5 02-OCT-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Thallium (TI)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Thorium (Th)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Tin (Sn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Titanium (Ti)-Dissolved «0.00030 mg/L 0.0003 02-OCT-18 
Tungsten (W)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Uranium (U)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Vanadium (V)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 02-OCT-18 

WG2893782-9 MB 

Aluminum (Al)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Antimony (Sb)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Arsenic (As)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Barium (Ba)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Beryllium (Be)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Bismuth (Bi)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
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Quality Control Report 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-D-CCMS-CL Water 
Batch R4258478 
WG2893782-9 MB 

Boron (B)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Cadmium (Cd)-Dissolved «0.000005C mg/L 0.000005 02-OCT-18 
Calcium (Ca)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Cesium (Cs)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Chromium (Cr)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Cobalt (Co)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Copper (Cu)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Iron (Fe)-Dissolved «0.010 mg/L 0.01 02-OCT-18 
Lead (Pb)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Lithium (Li)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Magnesium (Mg)-Dissolved «0.0050 mg/L 0.005 02-OCT-18 
Manganese (Mn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Molybdenum (Mo)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Nickel (Ni)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Phosphorus (P)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Potassium (K)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Rubidium (Rb)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Selenium (Se)-Dissolved «0.000050 mg/L 0.00005 02-OCT-18 
Silicon (Si)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Silver (Ag)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Sodium (Na)-Dissolved «0.050 mg/L 0.05 02-OCT-18 
Strontium (Sr)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Sulfur (S)-Dissolved «0.50 mg/L 0.5 02-OCT-18 
Tellurium (Te)-Dissolved «0.00020 mg/L 0.0002 02-OCT-18 
Thallium (TI)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Thorium (Th)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Tin (Sn)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Titanium (Ti)-Dissolved «0.00030 mg/L 0.0003 02-OCT-18 
Tungsten (W)-Dissolved «0.00010 mg/L 0.0001 02-OCT-18 
Uranium (U)-Dissolved «0.000010 mg/L 0.00001 02-OCT-18 
Vanadium (V)-Dissolved «0.00050 mg/L 0.0005 02-OCT-18 
Zinc (Zn)-Dissolved «0.0010 mg/L 0.001 02-OCT-18 
Zirconium (Zr)-Dissolved «0.000060 mg/L 0.00006 02-OCT-18 

MET-DIS-ICP-CL Water 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-DIS-ICP-CL Water 
Batch R4258599 
WG2894220-10 LCS TMRM 
Calcium (Ca)-Dissolved 102.9 % 80-120 03-OCT-18 
Iron (Fe)-Dissolved 96.1 % 80-120 03-ОСТ-18 
Magnesium (Mg)-Dissolved 100.1 % 80-120 03-OCT-18 
Manganese (Mn)-Dissolved 96.9 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 95.4 % 80-120 03-OCT-18 
Sodium (Na)-Dissolved 97.6 % 80-120 03-OCT-18 
WG2894220-13 LCS TMRM 
Calcium (Ca)-Dissolved 102.6 % 80-120 03-OCT-18 
Iron (Fe)-Dissolved 94.5 % 80-120 03-OCT-18 
Magnesium (Mg)-Dissolved 96.9 % 80-120 03-OCT-18 
Manganese (Mn)-Dissolved 96.4 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 94.2 % 80-120 03-OCT-18 
Sodium (Na)-Dissolved 96.4 % 80-120 03-OCT-18 
WG2894220-17 LCS TMRM 
Calcium (Ca)-Dissolved 105.2 % 80-120 03-ОСТ-18 
Iron (Fe)-Dissolved 95.7 % 80-120 03-ОСТ-18 
Magnesium (Mg)-Dissolved 98.3 % 80-120 03-OCT-18 
Manganese (Mn)-Dissolved 97.0 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 97.8 % 80-120 03-OCT-18 
Sodium (Na)-Dissolved 98.5 % 80-120 03-OCT-18 
WG2894220-2 LCS TMRM 
Calcium (Ca)-Dissolved 104.1 % 80-120 03-ОСТ-18 
Iron (Fe)-Dissolved 97.1 % 80-120 03-OCT-18 
Magnesium (Mg)-Dissolved 95.5 % 80-120 03-OCT-18 
Manganese (Mn)-Dissolved 98.4 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 97.7 % 80-120 03-ОСТ-18 
Sodium (Na)-Dissolved 98.0 % 80-120 03-OCT-18 
WG2894220-20 LCS TMRM 
Calcium (Ca)-Dissolved 104.4 % 80-120 03-OCT-18 
Iron (Fe)-Dissolved 95.6 % 80-120 03-ОСТ-18 
Magnesium (Mg)-Dissolved 101.6 % 80-120 03-ОСТ-18 
Мапдапезе (Mn)-Dissolved 97.1 % 80-120 03-ОСТ-18 
Potassium (K)-Dissolved 97.8 % 80-120 03-OCT-18 
Sodium (Na)-Dissolved 99.8 % 80-120 03-OCT-18 
WG2894220-24 LCS TMRM 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-DIS-ICP-CL Water 
Batch R4258599 

WG2894220-24 LCS TMRM 
Calcium (Ca)-Dissolved 103.2 % 80-120 03-ОСТ-18 
Iron (Fe)-Dissolved 96.6 % 80-120 03-ОСТ-18 
Magnesium (Mg)-Dissolved 99.7 96 80-120 03-OCT-18 
Manganese (Mn)-Dissolved 97.9 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 96.0 % 80-120 03-OCT-18 
Sodium (Na)-Dissolved 99.3 % 80-120 03-OCT-18 

WG2894220-28 LCS TMRM 
Calcium (Ca)-Dissolved 103.1 % 80-120 03-OCT-18 
Iron (Fe)-Dissolved 95.9 % 80-120 03-OCT-18 
Magnesium (Mg)-Dissolved 102.6 % 80-120 03-OCT-18 
Manganese (Mn)-Dissolved 97.6 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 96.8 % 80-120 03-ОСТ-18 
Sodium (Na)-Dissolved 98.8 % 80-120 03-OCT-18 

WG2894220-6 LCS TMRM 
Calcium (Ca)-Dissolved 103.6 % 80-120 03-ОСТ-18 
Iron (Fe)-Dissolved 96.7 % 80-120 03-OCT-18 
Magnesium (Mg)-Dissolved 100.0 % 80-120 03-ОСТ-18 
Мапдапезе (Mn)-Dissolved 98.0 % 80-120 03-OCT-18 
Potassium (K)-Dissolved 97.1 % 80-120 03-OCT-18 
Sodium (Na)-Dissolved 98.5 % 80-120 03-OCT-18 

WG2894220-1 MB | 
Calcium (Ca)-Dissolved <0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 

WG2894220-12 MB 
Calcium (Ca)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 


WG2894220-16 MB 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-DIS-ICP-CL Water 
Batch R4258599 

WG2894220-16 MB 
Calcium (Ca)-Dissolved <0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 

WG2894220-19 MB 
Calcium (Ca)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 

WG2894220-23 MB 
Calcium (Ca)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 

WG2894220-27 MB 
Calcium (Ca)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 

WG2894220-5 MB 
Calcium (Ca)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 


WG2894220-9 MB 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-DIS-ICP-CL Water 
Batch R4258599 
WG2894220-9 MB 
Calcium (Ca)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Iron (Fe)-Dissolved «0.030 mg/L | 0.03 03-OCT-18 
Magnesium (Mg)-Dissolved «0.10 mg/L 0.1 03-OCT-18 
Manganese (Mn)-Dissolved «0.0050 mg/L 0.005 03-OCT-18 
Potassium (K)-Dissolved «0.50 mg/L 0.5 03-OCT-18 
Sodium (Na)-Dissolved «1.0 mg/L 1 03-OCT-18 
WG2894220-15 MS L2164033-6 
Calcium (Ca)-Dissolved 100.6 % 70-130 03-OCT-18 
Iron (Fe)-Dissolved 95.9 % 70-130 03-OCT-18 
Magnesium (Mg)-Dissolved 93.5 % 70-130 03-OCT-18 
Potassium (K)-Dissolved 95.4 % 70-130 03-OCT-18 
Sodium (Na)-Dissolved 95.8 % 70-130 03-OCT-18 
MET-T-CCMS-CL Water 
Batch R4253268 
WG2891783-2 LCS TMRM 
Aluminum (Al)-Total 104.3 % 80-120 01-ОСТ-18 
Antimony (Sb)-Total 105.8 % 80-120 01-ОСТ-18 
Arsenic (As)-Total 101.2 % 80-120 01-OCT-18 
Barium (Ba)-Total 98.1 % 80-120 01-ОСТ-18 
Beryllium (Be)-Total 104.4 % 80-120 01-OCT-18 
Bismuth (Bi)-Total 104.9 % 80-120 01-OCT-18 
Boron (B)-Total 115.4 % 80-120 01-OCT-18 
Cadmium (Cd)-Total 96.1 % 80-120 01-OCT-18 
Cesium (Cs)-Total 103.4 % 80-120 01-OCT-18 
Chromium (Cr)-Total 104.1 % 80-120 01-OCT-18 
Cobalt (Co)-Total 97.7 % 80-120 01-ОСТ-18 
Copper (Cu)-Total 99.6 % 80-120 01-ОСТ-18 
Lead (Pb)-Total 107.3 % 80-120 01-ОСТ-18 
Lithium (Li)-Total 112.6 % 80-120 01-ОСТ-18 
Мојубдепит (Мо)-Тоїа! 103.2 % 80-120 01-ОСТ-18 
Nickel (Ni)-Total 100.9 % 80-120 01-OCT-18 
Phosphorus (P)-Total 117.2 % 70-130 01-ОСТ-18 
Rubidium (Rb)-Total 103.8 % 80-120 01-ОСТ-18 
Selenium (Se)-Total 101.5 % 80-120 01-OCT-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4253268 
WG2891783-2 LCS TMRM 
Silicon (Si)-Total 102.9 % 60-140 01-ОСТ-18 
Silver (Ag)-Total 101.0 % 80-120 01-OCT-18 
Strontium (Sr)-Total 103.3 % 80-120 01-ОСТ-18 
Sulfur (S)-Total 112.7 % 80-120 01-OCT-18 
Tellurium (Te)-Total 104.6 % 80-120 01-OCT-18 
Thallium (TI)-Total 101.1 % 80-120 01-OCT-18 
Thorium (Th)-Total 107.7 % 80-120 01-ОСТ-18 
Тїп (Sn)-Total 98.3 % 80-120 01-ОСТ-18 
Titanium (Ti)-Total 103.9 % 80-120 01-OCT-18 
Tungsten (W)-Total 105.5 % 80-120 01-OCT-18 
Uranium (U)-Total 99.95 % 80-120 01-ОСТ-18 
Vanadium (М)-Тога! 101.7 % 80-120 01-ОСТ-18 
Zinc (Zn)-Total 97.2 % 80-120 01-ОСТ-18 
Zirconium (Zr)-Total 102.8 % 80-120 01-ОСТ-18 
WG2891783-1 MB 
Aluminum (Al)-Total <0.0030 mg/L 0.003 01-OCT-18 
Antimony (Sb)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Arsenic (As)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Barium (Ba)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Beryllium (Be)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Bismuth (Bi)-Total <0.000050 mg/L 0.00005 01-OCT-18 
Boron (B)-Total <0.010 mg/L 0.01 01-OCT-18 
Cadmium (Cd)-Total <0.000005С mg/L 0.000005 01-OCT-18 
Cesium (Cs)-Total «0.000010 mg/L 0.00001 01-OCT-18 
Chromium (Cr)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Cobalt (Co)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Copper (Cu)-Total «0.00050 mg/L 0.0005 01-OCT-18 
Lead (Pb)-Total «0.000050 mg/L 0.00005 01-OCT-18 
Lithium (Li)-Total «0.0010 mg/L 0.001 01-OCT-18 
Molybdenum (Mo)-Total «0.000050 mg/L 0.00005 01-OCT-18 
Nickel (Ni)-Total «0.00050 mg/L 0.0005 01-OCT-18 
Phosphorus (P)-Total «0.050 mg/L 0.05 01-OCT-18 
Rubidium (Rb)-Total «0.00020 mg/L 0.0002 01-OCT-18 
Selenium (Se)-Total «0.000050 mg/L 0.00005 01-OCT-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4253268 
WG2891783-1 MB 
Silicon (Si)-Total <0.10 mg/L 0.1 01-OCT-18 
Silver (Ag)-Total <0.000010 mg/L 0.00001 01-OCT-18 
Strontium (Sr)-Total <0.00020 mg/L 0.0002 01-OCT-18 
Sulfur (S)-Total <0.50 mg/L 0.5 01-OCT-18 
Tellurium (Te)-Total <0.00020 mg/L 0.0002 01-OCT-18 
Thallium (TI)-Total <0.000010 mg/L 0.00001 01-OCT-18 
Thorium (Th)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Tin (Sn)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Titanium (Ti)-Total <0.00030 mg/L 0.0003 01-OCT-18 
Tungsten (W)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Uranium (U)-Total <0.000010 mg/L 0.00001 01-OCT-18 
Vanadium (V)-Total <0.00050 mg/L 0.0005 01-OCT-18 
Zinc (Zn)-Total <0.0030 mg/L 0.003 01-OCT-18 
Zirconium (Zr)-Total <0.000060 mg/L 0.00006 01-OCT-18 
Batch R4256952 
WG2891783-5 LCS TMRM 
Aluminum (Al)-Total 107.5 % 80-120 01-OCT-18 
Antimony (Sb)-Total 112.5 % 80-120 01-OCT-18 
Arsenic (As)-Total 100.9 % 80-120 01-ОСТ-18 
Вапит (Ва)-Тога! 107.4 % 80-120 01-OCT-18 
Beryllium (Be)-Total 98.3 % 80-120 01-OCT-18 
Bismuth (Bi)-Total 101.2 % 80-120 01-OCT-18 
Вогоп (B)-Total 84.3 % 80-120 01-ОСТ-18 
Cadmium (Cd)-Total 102.2 % 80-120 01-OCT-18 
Cesium (Cs)-Total 108.6 % 80-120 01-OCT-18 
Chromium (Cr)-Total 109.3 % 80-120 01-OCT-18 
Cobalt (Co)-Total 108.6 % 80-120 01-OCT-18 
Copper (Cu)-Total 104.4 % 80-120 01-ОСТ-18 
Lead (Pb)-Total 104.7 % 80-120 01-ОСТ-18 
Lithium (Li)-Total 104.0 % 80-120 01-ОСТ-18 
Мојубдепит (Мо)-Тога! 110.8 % 80-120 01-ОСТ-18 
Nickel (Ni)-Total 106.3 % 80-120 01-OCT-18 
Phosphorus (P)-Total 107.4 % 70-130 01-ОСТ-18 
Rubidium (Rb)-Total 102.8 % 80-120 01-OCT-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4256952 

WG2891783-5 LCS TMRM 

Selenium (Se)-Total 100.2 % 80-120 01-ОСТ-18 
Silicon (Si)-Total 107.6 % 60-140 01-OCT-18 
Silver (Ag)-Total 105.6 % 80-120 01-OCT-18 
Strontium (Sr)-Total 110.6 % 80-120 01-OCT-18 
Sulfur (S)-Total 97.9 % 80-120 01-OCT-18 
Tellurium (Te)-Total 95.8 % 80-120 01-OCT-18 
Thallium (TI)-Total 102.4 % 80-120 01-ОСТ-18 
Thorium (Th)-Total 103.7 % 80-120 01-OCT-18 
Tin (Sn)-Total 107.7 % 80-120 01-OCT-18 
Titanium (Ti)-Total 100.5 80-120 01-OCT-18 
Tungsten (W)-Total 105.0 % 80-120 01-OCT-18 
Uranium (U)-Total 106.1 % 80-120 01-OCT-18 
Vanadium (V)-Total 107.3 % 80-120 01-ОСТ-18 
Zinc (Zn)-Total 105.8 % 80-120 01-OCT-18 
Zirconium (Zr)-Total 108.9 % 80-120 01-ОСТ-18 

WG2891783-4 MB 

Aluminum (Al)-Total «0.0030 mg/L 0.003 01-OCT-18 
Antimony (Sb)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Arsenic (As)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Barium (Ba)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Beryllium (Be)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Bismuth (Bi)-Total «0.000050 mg/L 0.00005 01-OCT-18 
Boron (B)-Total «0.010 mg/L 0.01 01-OCT-18 
Cadmium (Cd)-Total «0.000005C mg/L 0.000005 01-OCT-18 
Cesium (Cs)-Total <0.000010 mg/L 0.00001 01-OCT-18 
Chromium (Cr)-Total <0.00010 mg/L 0.0001 01-OCT-18 
Cobalt (Co)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Copper (Cu)-Total «0.00050 mg/L 0.0005 01-OCT-18 
Lead (Pb)-Total «0.000050 mg/L 0.00005 01-OCT-18 
Lithium (Li)-Total «0.0010 mg/L 0.001 01-OCT-18 
Molybdenum (Mo)-Total «0.000050 mg/L 0.00005 01-OCT-18 
Nickel (Ni)-Total «0.00050 mg/L 0.0005 01-OCT-18 
Phosphorus (P)-Total «0.050 mg/L 0.05 01-OCT-18 
Rubidium (Rb)-Total «0.00020 mg/L 0.0002 01-OCT-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4256952 

WG2891783-4 MB 

Selenium (Se)-Total «0.000050 mg/L 0.00005 01-OCT-18 
Silicon (Si)-Total «0.10 mg/L 0.1 01-OCT-18 
Silver (Ag)-Total «0.000010 mg/L 0.00001 01-OCT-18 
Strontium (Sr)-Total «0.00020 mg/L 0.0002 01-OCT-18 
Sulfur (S)-Total «0.50 mg/L 0.5 01-OCT-18 
Tellurium (Te)-Total «0.00020 mg/L 0.0002 01-OCT-18 
Thallium (TI)-Total «0.000010 mg/L 0.00001 01-OCT-18 
Thorium (Th)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Tin (Sn)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Titanium (Ti)-Total «0.00030 mg/L 0.0003 01-OCT-18 
Tungsten (W)-Total «0.00010 mg/L 0.0001 01-OCT-18 
Uranium (U)-Total «0.000010 mg/L 0.00001 01-OCT-18 
Vanadium (V)-Total «0.00050 mg/L 0.0005 01-OCT-18 
Zinc (Zn)-Total «0.0030 mg/L 0.003 01-OCT-18 
Zirconium (Zr)-Total «0.000060 mg/L 0.00006 01-OCT-18 

Batch R4258478 

WG2891783-6 DUP L2164033-1 

Aluminum (Al)-Total 0.0155 0.0160 mg/L 3.0 20 02-OCT-18 
Antimony (Sb)-Total <0.00010 <0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Arsenic (As)-Total 0.00035 0.00034 mg/L 2.5 20 02-OCT-18 
Barium (Ba)-Total 0.0413 0.0414 mg/L 0.2 20 02-OCT-18 
Beryllium (Be)-Total «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Bismuth (Bi)-Total «0.000050 «0.000050 RPD-NA mg/L N/A 20 02-OCT-18 
Boron (B)-Total 0.075 0.076 mg/L 1.4 20 02-OCT-18 
Cadmium (Cd)-Total «0.0000050 «0.000005C RPD-NA mg/L N/A 20 02-OCT-18 
Cesium (Cs)-Total «0.000010 «0.000010 RPD-NA mg/L N/A 20 02-OCT-18 
Chromium (Cr)-Total «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Cobalt (Co)-Total 0.00016 0.00017 mg/L 1.9 20 02-OCT-18 
Copper (Cu)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 02-OCT-18 
Lead (Pb)-Total «0.000050 «0.000050 RPD-NA mg/L N/A 20 02-OCT-18 
Lithium (Li)-Total 0.0101 0.0102 mg/L 0.8 20 02-OCT-18 
Molybdenum (Mo)-Total 0.000360 0.000376 mg/L 4.2 20 02-OCT-18 
Nickel (Ni)-Total 0.00098 0.00102 mg/L 3.5 20 02-OCT-18 
Phosphorus (P)-Total «0.050 «0.050 RPD-NA mg/L N/A 20 02-OCT-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4258478 
WG2891783-6 ООР L2164033-1 
Rubidium (Rb)-Total 0.00151 0.00144 mg/L 4.7 20 02-OCT-18 
Selenium (Se)-Total 0.000060 0.000057 mg/L 6.3 20 02-OCT-18 
Silicon (Si)-Total 3.62 3.68 mg/L 1.6 20 02-OCT-18 
Silver (Ag)-Total «0.000010 «0.000010 RPD-NA mg/L N/A 20 02-OCT-18 
Strontium (Sr)-Total 0.129 0.131 mg/L 1.3 20 02-OCT-18 
Sulfur (S)-Total 7.23 7.35 mg/L 1.6 20 02-OCT-18 
Tellurium (Te)-Total <0.00020 <0.00020 RPD-NA mg/L N/A 20 02-OCT-18 
Thallium (TI)-Total «0.000010 «0.000010 RPD-NA mg/L N/A 20 02-OCT-18 
Thorium (Th)-Total «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Tin (Sn)-Total «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Titanium (Ti)-Total «0.00030 «0.00030 RPD-NA mg/L N/A 20 02-OCT-18 
Tungsten (W)-Total «0.00010 «0.00010 RPD-NA mg/L N/A 20 02-OCT-18 
Uranium (U)-Total 0.000234 0.000229 mg/L 2.1 20 02-OCT-18 
Vanadium (V)-Total «0.00050 «0.00050 RPD-NA mg/L N/A 20 02-OCT-18 
Zinc (Zn)-Total «0.0030 «0.0030 RPD-NA mg/L N/A 20 02-OCT-18 
Zirconium (Zr)-Total 0.000210 0.000198 mg/L 58 20 02-OCT-18 
WG2891783-8 LCS TMRM 
Aluminum (Al)-Total 106.0 % 80-120 02-ОСТ-18 
Antimony (Sb)-Total 108.8 % 80-120 02-ОСТ-18 
Arsenic (As)-Total 100.5 % 80-120 02-ОСТ-18 
Вапит (Ba)-Total 106.8 % 80-120 02-ОСТ-18 
Beryllium (Be)-Total 96.7 % 80-120 02-ОСТ-18 
Bismuth (Bi)-Total 99.4 % 80-120 02-ОСТ-18 
Вогоп (B)-Total 98.9 % 80-120 02-ОСТ-18 
Cadmium (Cd)-Total 99.6 % 80-120 02-ОСТ-18 
Cesium (Cs)-Total 102.4 % 80-120 02-ОСТ-18 
Сһготїит (Сг)-Тоїа! 105.9 % 80-120 02-ОСТ-18 
Cobalt (Co)-Total 105.4 % 80-120 02-OCT-18 
Copper (Cu)-Total 101.8 % 80-120 02-OCT-18 
Lead (Pb)-Total 103.0 % 80-120 02-ОСТ-18 
Lithium (Li)-Total 101.3 % 80-120 02-ОСТ-18 
Molybdenum (Mo)-Total 107.0 % 80-120 02-ОСТ-18 
Nickel (Ni)-Total 102.7 % 80-120 02-ОСТ-18 
Phosphorus (P)-Total 108.1 % 70-130 02-ОСТ-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4258478 
WG2891783-8 LCS TMRM 
Rubidium (Rb)-Total 101.5 % 80-120 02-ОСТ-18 
Selenium (Se)-Total 94.6 % 80-120 02-ОСТ-18 
Silicon (Si)-Total 105.1 % 60-140 02-ОСТ-18 
Silver (Ag)-Total 103.0 % 80-120 02-ОСТ-18 
Strontium (Sr)-Total 109.0 % 80-120 02-OCT-18 
Sulfur (S)-Total 98.8 % 80-120 02-OCT-18 
Tellurium (Te)-Total 93.9 % 80-120 02-ОСТ-18 
Thallium (TI)-Total 99.5 % 80-120 02-ОСТ-18 
Thorium (Th)-Total 100.2 % 80-120 02-ОСТ-18 
Tin (Sn)-Total 103.5 % 80-120 02-ОСТ-18 
Titanium (Ti)-Total 99.2 % 80-120 02-ОСТ-18 
Tungsten (W)-Total 104.3 % 80-120 02-ОСТ-18 
Uranium (U)-Total 103.8 % 80-120 02-ОСТ-18 
Vanadium (V)-Total 106.1 % 80-120 02-OCT-18 
Zinc (Zn)-Total 99.1 % 80-120 02-ОСТ-18 
Zirconium (Zr)-Total 106.8 96 80-120 02-OCT-18 
WG2891783-7 MB 
Aluminum (Al)-Total <0.0030 mg/L 0.003 02-OCT-18 
Antimony (Sb)-Total <0.00010 mg/L 0.0001 02-OCT-18 
Arsenic (As)-Total <0.00010 mg/L 0.0001 02-OCT-18 
Barium (Ba)-Total <0.00010 mg/L 0.0001 02-OCT-18 
Beryllium (Be)-Total <0.00010 mg/L 0.0001 02-OCT-18 
Bismuth (Bi)-Total <0.000050 mg/L 0.00005 02-OCT-18 
Boron (B)-Total <0.010 mg/L 0.01 02-ОСТ-18 
Cadmium (Cd)-Total «0.000005C mg/L 0.000005 02-OCT-18 
Cesium (Cs)-Total «0.000010 mg/L 0.00001 02-OCT-18 
Chromium (Cr)-Total «0.00010 mg/L 0.0001 02-OCT-18 
Cobalt (Co)-Total «0.00010 mg/L 0.0001 02-OCT-18 
Copper (Cu)-Total «0.00050 mg/L 0.0005 02-OCT-18 
Lead (Pb)-Total «0.000050 mg/L 0.00005 02-OCT-18 
Lithium (Li)-Total «0.0010 mg/L 0.001 02-OCT-18 
Molybdenum (Mo)-Total «0.000050 mg/L 0.00005 02-OCT-18 
Nickel (Ni)-Total «0.00050 mg/L 0.0005 02-OCT-18 
Phosphorus (P)-Total «0.050 mg/L | 0.05 02-ОСТ-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-T-CCMS-CL Water 
Batch R4258478 
WG2891783-7 МВ 
Rubidium (Rb)-Total «0.00020 mg/L 0.0002 02-OCT-18 
Selenium (Se)-Total «0.000050 mg/L 0.00005 02-OCT-18 
Silicon (Si)-Total «0.10 mg/L 0.1 02-OCT-18 
Silver (Ag)-Total «0.000010 mg/L 0.00001 02-OCT-18 
Strontium (Sr)-Total «0.00020 mg/L 0.0002 02-OCT-18 
Sulfur (S)-Total «0.50 mg/L 0.5 02-OCT-18 
Tellurium (Te)-Total «0.00020 mg/L 0.0002 02-OCT-18 
Thallium (TI)-Total <0.000010 mg/L 0.00001 02-OCT-18 
Thorium (Th)-Total «0.00010 mg/L 0.0001 02-OCT-18 
Tin (Sn)-Total «0.00010 mg/L 0.0001 02-OCT-18 
Titanium (Ti)-Total «0.00030 mg/L 0.0003 02-OCT-18 
Tungsten (W)-Total «0.00010 mg/L 0.0001 02-OCT-18 
Uranium (U)-Total «0.000010 mg/L 0.00001 02-OCT-18 
Vanadium (V)-Total «0.00050 mg/L 0.0005 02-OCT-18 
Zinc (Zn)-Total «0.0030 mg/L 0.003 02-OCT-18 
Zirconium (Zr)-Total «0.000060 mg/L 0.00006 02-OCT-18 
MET-TOT-ICP-CL Water 
Batch R4254374 
WG2891783-2 LCS TMRM 
Calcium (Ca)-Total 97.4 % 80-120 01-ОСТ-18 
Iron (Fe)-Total 102.9 % 80-120 01-ОСТ-18 
Magnesium (Mg)-Total 103.6 % 80-120 01-ОСТ-18 
Manganese (Mn)-Total 95.6 % | 80-120 01-ОСТ-18 
Potassium (K)-Total 101.8 % 80-120 01-OCT-18 
Sodium (Na)-Total 102.8 % 80-120 01-OCT-18 
WG2891783-1 MB 
Calcium (Ca)-Total <0.10 mg/L 0.1 01-OCT-18 
Iron (Fe)-Total <0.030 mg/L 0.03 01-OCT-18 
Magnesium (Mg)-Total «0.10 mg/L 0.1 01-OCT-18 
Manganese (Mn)-Total «0.0050 mg/L 0.005 01-OCT-18 
Potassium (K)-Total «0.50 mg/L 0.5 01-OCT-18 
Sodium (Na)-Total «1.0 mg/L 1 01-OCT-18 
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Page 26 of 35 


Test Matrix Reference Result Units RPD Limit Analyzed 
MET-TOT-ICP-CL Water 
Batch R4257716 
WG2891783-5 LCS TMRM 
Calcium (Ca)-Total 101.0 % 80-120 02-OCT-18 
Iron (Fe)-Total 952 % 80-120 02-ОСТ-18 
Magnesium (Mg)-Total 100.1 % 80-120 02-ОСТ-18 
Manganese (Mn)-Total 97.2 % 80-120 02-ОСТ-18 
Potassium (K)-Total 96.2 % 80-120 02-ОСТ-18 
Sodium (Na)-Total 102.5 % 80-120 02-OCT-18 
WG2891783-4 MB 
Calcium (Ca)-Total <0.10 mg/L 0.1 02-OCT-18 
Iron (Fe)-Total «0.030 mg/L 0.03 02-OCT-18 
Magnesium (Mg)-Total «0.10 mg/L 0.1 02-OCT-18 
Manganese (Mn)-Total «0.0050 mg/L 0.005 02-OCT-18 
Potassium (K)-Total «0.50 mg/L 0.5 02-OCT-18 
Sodium (Na)-Total «1.0 mg/L 1 02-OCT-18 
NAPHTHENIC ACID-L-FM Water 
Batch R4223648 
WG2878323-4 DUP L2164033-6 
Naphthenic Acids <0.10 <0.10 RPD-NA mg/L N/A 30 19-SEP-18 
WG2878323-2 LCS 
Naphthenic Acids 91.0 % 70-130 19-SEP-18 
WG2878323-1 MB 
Naphthenic Acids «0.10 mg/L 0.1 19-SEP-18 
WG2878323-3 MS L2164033-5 
Naphthenic Acids 101.5 % 50-150 19-SEP-18 
NH3-COL-ED Water 
Batch R4216414 
WG2876845-7 DUP L2164033-6 
Ammonia, Total (as N) <0.050 <0.050 RPD-NA mg/L N/A 20 14-SEP-18 
WG2876845-10 LCS 
Ammonia, Total (as N) 110.7 % 85-115 14-SEP-18 
WG2876845-12 LCS 
Ammonia, Total (as N) 107.5 % 85-115 14-SEP-18 
WG2876845-2 LCS 
Ammonia, Total (as N) 102.9 % 85-115 14-SEP-18 
WG2876845-1 МВ 
Ammonia, Total (as N) <0.050 mg/L 0.05 14-SEP-18 


WG2876845-11 MB 
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Test Result Units Limit Analyzed 
NH3-COL-ED 
Batch R4216414 
WG2876845-11 MB 
Ammonia, Total (as N) <0.050 mg/L 0.05 14-SEP-18 
WG2876845-9 MB 
Ammonia, Total (as N) «0.050 mg/L 0.05 14-SEP-18 
WG2876845-8 MS 
Ammonia, Total (as N) 115.0 % 75-125 14-SEP-18 
NO2-IC-N-ED 
Batch R4216859 
WG2875838-11 LCS 
Nitrite (as N) 95.3 % 90-110 13-БЕР-18 
WG2875838-13 LCS 
Nitrite (as N) 95.5 % 90-110 14-SEP-18 
WG2875838-15 LCS 
Nitrite (as N) 93.7 % 90-110 14-SEP-18 
WG2875838-2 LCS 
Nitrite (as М) 96.1 % 90-110 13-SEP-18 
WG2875838-1 MB 
Nitrite (as N) <0.010 mg/L 0.01 13-SEP-18 
WG2875838-12 MB 
Nitrite (as N) <0.010 mg/L 0.01 13-SEP-18 
WG2875838-14 MB 
Nitrite (as N) <0.010 mg/L 0.01 14-SEP-18 
WG2875838-16 MB 
Nitrite (as N) <0.010 mg/L 0.01 14-SEP-18 
NO3-IC-N-ED 
Batch R4216859 
WG2875838-11 LCS 
Nitrate (as N) 98.9 % 90-110 13-SEP-18 
WG2875838-13 LCS 
Nitrate (as N) 99.0 % 90-110 14-SEP-18 
WG2875838-15 LCS 
Nitrate (as N) 98.0 % 90-110 14-SEP-18 
WG2875838-2 LCS 
Nitrate (as N) 98.6 % 90-110 13-SEP-18 
WG2875838-1 MB 
Nitrate (as N) <0.020 mg/L 0.02 13-SEP-18 
WG2875838-12 MB 
Nitrate (as N) «0.020 mg/L 0.02 13-SEP-18 
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ALS 
Environmental 


Test Matrix 
NO3-IC-N-ED Water 
Batch R4216859 


WG2875838-14 MB 
Nitrate (as N) 


WG2875838-16 MB 
Nitrate (as N) 


P-T-L-COL-ED Water 


Batch R4217003 
WG2877251-2 LCS 
Phosphorus (P)-Total 


WG2877251-1 MB 
Phosphorus (P)-Total 


Batch R4220108 
WG2878635-6 LCS 
Phosphorus (P)-Total 


WG2878635-5 MB 
Phosphorus (P)-Total 


P-TD-L-COL-ED Water 


Batch R4217003 
WG2877251-2 LCS 
Phosphorus (P)-Total Dissolved 


WG2877251-1 MB 
Phosphorus (P)-Total Dissolved 


Batch R4220108 
WG2878635-6 LCS 
Phosphorus (P)-Total Dissolved 


WG2878635-5 MB 
Phosphorus (P)-Total Dissolved 
PH/EC/ALKS-ED Water 


Batch R4216885 
WG2877626-13 LCS 
Conductivity (EC) 


WG2877626-14 LCS 

pH 

WG2877626-15 LCS 
Alkalinity, Total (as CaCO3) 


WG2877626-16 LCS 
Conductivity (EC) 


WG2877626-18 LCS 
Conductivity (EC) 


Quality Control Report 
Workorder: L2164033 


Reference Result 


<0.020 


<0.020 


96.0 


<0.0010 


91.2 


<0.0010 


96.0 


<0.0010 


92.0 


<0.0010 


MID 1412 
98.5 


ED-PH6 
6.00 


PCTITRATE LCS 
111.5 


HI 12890 
90.8 


MID 1412 
99.8 


Units 


mg/L 


mg/L 


% 


mg/L 


% 


mg/L 


% 


mg/L 


% 


mg/L 


% 


% 
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RPD 
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Analyzed 


Limit 


0.02 


0.02 


80-120 


0.001 


80-120 


0.001 


80-120 


0.001 


80-120 


0.001 


90-110 


5.8-6.2 


85-115 


90-110 


90-110 


14-SEP-18 


14-SEP-18 


15-SEP-18 


15-SEP-18 


18-SEP-18 


18-SEP-18 


15-SEP-18 


15-SEP-18 


18-SEP-18 


18-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 
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Test 


AUS 


Environmental 


PH/EC/ALKS-ED 


Batch R4216885 
WG2877626-19 LCS 
pH 
WG2877626-2 LCS 
Conductivity (EC) 


WG2877626-20 LCS 
Alkalinity, Total (as CaCO3) 


WG2877626-21 LCS 
Conductivity (EC) 


WG2877626-23 LCS 
Conductivity (EC) 


WG2877626-24 LCS 
pH 


WG2877626-25 LCS 
Alkalinity, Total (as CaCO3) 


WG2877626-26 LCS 
Conductivity (EC) 


WG2877626-28 LCS 
Conductivity (EC) 


WG2877626-29 LCS 
pH 


WG2877626-3 LCS 
pH 


WG2877626-30 LCS 
Alkalinity, Total (as CaCO3) 


WG2877626-31 LCS 
Conductivity (EC) 


WG2877626-33 LCS 
Conductivity (EC) 


WG2877626-34 LCS 
pH 


WG2877626-35 LCS 
Alkalinity, Total (as CaCO3) 


WG2877626-36 LCS 
Conductivity (EC) 


WG2877626-38 LCS 
Conductivity (EC) 


WG2877626-39 LCS 
pH 


WG2877626-4 LCS 


Matrix 


Water 


Quality Control Report 


Workorder: L2164033 


Reference Result 
ED-PH6 

5.99 
MID 1412 

97.5 
PCTITRATE LCS 

113.1 
HI 12890 

94.3 
MID 1412 

103.1 
ED-PH6 

5.98 
PCTITRATE LCS 

113.7 
HI 12890 

95.1 
MID 1412 

96.7 
ED-PH6 

5.99 
ED-PH6 

6.01 
PCTITRATE LCS 

113.2 
HI 12890 

96.2 
MID 1412 

95.2 
ED-PH6 

5.99 
PCTITRATE LCS 

112.3 
НІ 12890 

91.5 
MID 1412 

96.1 
ED-PH6 

5.99 


PCTITRATE LCS 


Report Date: 11-DEC-18 


Units 


pH 


% 


% 


% 


% 


pH 


% 


% 


% 


pH 


pH 


% 


% 


% 


pH 


% 


% 


% 


pH 


Page 29 of 35 


Limit 


5.8-6.2 


90-110 


85-115 


90-110 


90-110 


5.8-6.2 


85-115 


90-110 


90-110 


5.8-6.2 


5.8-6.2 


85-115 


90-110 


90-110 


5.8-6.2 


85-115 


90-110 


90-110 


5.8-6.2 


Analyzed 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 


15-SEP-18 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PH/EC/ALKS-ED Water 
Batch R4216885 
WG2877626-4 LCS PCTITRATE LCS 
Alkalinity, Total (as CaCO3) 112.3 % 85-115 15-SEP-18 
WG2877626-40 LCS PCTITRATE LCS 
Alkalinity, Total (as CaCO3) 111.1 % 85-115 15-SEP-18 
WG2877626-41 LCS HI 12890 
Conductivity (EC) 94.1 % 90-110 15-SEP-18 
WG2877626-5 LCS HI 12890 
Conductivity (EC) 93.3 % 90-110 15-SEP-18 
WG2877626-1 MB 
Conductivity (EC) <2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as HCO3) <5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) <5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) <5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) <2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) <2.0 mg/L 2 15-SEP-18 
WG2877626-12 MB 
Conductivity (EC) <2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as HCO3) «5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 15-SEP-18 
WG2877626-17 MB 
Conductivity (EC) «2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as НСОЗ) «5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 15-SEP-18 
WG2877626-22 MB 
Conductivity (EC) «2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as НСОЗ) «5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 15-SEP-18 


WG2877626-27 MB 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PH/EC/ALKS-ED Water 
Batch R4216885 
WG2877626-27 MB 
Conductivity (EC) <2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as HCO3) <5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) <5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) <5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) <2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) <2.0 mg/L 2 15-SEP-18 
WG2877626-32 MB 
Conductivity (EC) «2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as НСОЗ) «5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) «5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) «5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) «2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) «2.0 mg/L 2 15-SEP-18 
WG2877626-37 MB 
Conductivity (EC) «2.0 uS/cm 2 15-SEP-18 
Bicarbonate Alkalinity (as HCO3) <5.0 mg/L 5 15-SEP-18 
Carbonate Alkalinity (as CO3) <5.0 mg/L 5 15-SEP-18 
Hydroxide Alkalinity (as OH) <5.0 mg/L 5 15-SEP-18 
Alkalinity, Phenolphthalein (as CaCO3) <2.0 mg/L 2 15-SEP-18 
Alkalinity, Total (as CaCO3) <2.0 mg/L 2 15-SEP-18 
PHENOLS-4AAP-WT Water 
Batch R4231049 
WG2882956-2 LCS 
Phenols (4AAP) 98.7 % 85-115 21-SEP-18 
WG2882956-1 MB 
Phenols (4AAP) <0.0010 mg/L 0.001 21-SEP-18 
Batch R4256907 
WG2892003-3 DUP L2164033-5 
Phenols (4AAP) <0.0010 <0.0010 RPD-NA mg/L N/A 20 01-OCT-18 
WG2892003-2 LCS 
Phenols (4AAP) 95.1 % 85-115 01-ОСТ-18 
WG2892003-1 MB 
Phenols (4AAP) <0.0010 mg/L 0.001 01-OCT-18 
WG2892003-4 MS L2164033-5 
Phenols (4AAP) 99.2 % 75-125 01-ОСТ-18 
PO4-DO-COL-ED Water 
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AUS 


Test 


PO4-DO-COL-ED 
R4216405 


Batch 
WG2876821-5 


Orthophosphate-Dissolved (as P) 


WG2876821-2 


Orthophosphate-Dissolved (as P) 


WG2876821-1 


Orthophosphate-Dissolved (as P) 


WG2876821-6 


Orthophosphate-Dissolved (as P) 


Environmental 


Matrix 


Water 


DUP 


LCS 


MB 


MS 


SO4-IC-N-ED Water 
Batch R4216859 
WG2875838-11 LCS 
Sulfate (SO4) 

WG2875838-13 LCS 
Sulfate (SO4) 
WG2875838-15 LCS 
Sulfate (SO4) 
WG2875838-2 LCS 
Sulfate (SO4) 
WG2875838-1 MB 
Sulfate (SO4) 
WG2875838-12 MB 
Sulfate (SO4) 
WG2875838-14 MB 
Sulfate (SO4) 
WG2875838-16 MB 
Sulfate (SO4) 

SOLIDS-TDS-FM Water 
Batch R4227997 
WG2880643-3 DUP 
Total Dissolved Solids 
WG2880643-2 LCS 
Total Dissolved Solids 
WG2880643-1 MB 
Total Dissolved Solids 

SOLIDS-TOTSUS-FM Water 


Reference 


L2164033-5 
<0.010 


L2164033-5 


L2164033-1 
216 


Result Qualifier 


<0.010 RPD-NA 


117.4 


<0.010 


91.1 


98.6 


99.5 


98.4 


98.8 


<0.30 


<0.30 


<0.30 


<0.30 


212 


89.5 


<12 
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Units 


mg/L 


% 


mg/L 


% 


% 


% 


% 


% 


mg/L 


mg/L 


mg/L 


mg/L 


mg/L 


% 


mg/L 
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RPD 


N/A 


1.6 
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Limit 


20 


80-120 


0.01 


70-130 


90-110 


90-110 


90-110 


90-110 


0.3 


0.3 


0.3 


0.3 


20 


85-115 


12 


Analyzed 


14-SEP-18 


14-SEP-18 


14-SEP-18 


14-SEP-18 


13-SEP-18 


14-SEP-18 


14-SEP-18 


13-SEP-18 


13-SEP-18 


13-SEP-18 


14-SEP-18 


14-SEP-18 


19-SEP-18 


19-SEP-18 


19-SEP-18 
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Test Reference Result Qualifier Units RPD Limit Analyzed 
SOLIDS-TOTSUS-FM 
Batch R4228387 
WG2876665-2 LCS 
Total Suspended Solids 98.6 % 85-115 20-SEP-18 
WG2876665-1 MB 
Total Suspended Solids <3.0 mg/L 3 20-SEP-18 
SULPHIDE-CFA-ED 
Batch R4228788 
WG2881863-17 DUP L2164033-6 
Sulphide (as S) <0.0015 <0.0015 RPD-NA mg/L МА 20 19-SEP-18 
WG2881863-10 LCS 
Sulphide (as S) 105.7 % 75-125 19-SEP-18 
WG2881863-7 LCS 
Sulphide (as S) 117.5 % 75-125 19-SEP-18 
WG2881863-8 LCS 
Sulphide (as S) 91.3 % 75-125 19-SEP-18 
WG2881863-9 LCS 
Sulphide (as S) 91.9 % 75-125 19-SEP-18 
WG2881863-1 MB 
Sulphide (as S) <0.0015 mg/L 0.0015 19-SEP-18 
WG2881863-2 MB 
Sulphide (as S) <0.0015 mg/L 0.0015 19-SEP-18 
WG2881863-3 MB 
Sulphide (as S) <0.0015 mg/L 0.0015 19-SEP-18 
WG2881863-4 MB 
Sulphide (as S) <0.0015 mg/L 0.0015 19-SEP-18 
WG2881863-5 MB 
Sulphide (as S) <0.0015 mg/L 0.0015 19-SEP-18 
WG2881863-6 MB 
Sulphide (as S) <0.0015 mg/L 0.0015 19-SEP-18 
WG2881863-20 MS L2164033-6 
Sulphide (as S) 91.4 % 65-135 19-SEP-18 
TKN-CFA-ED 
Batch R4259914 
WG2894559-6 LCS 
Total Kjeldahl Nitrogen 101 % 75-125 04-OCT-18 
WG2894559-5 MB 
Total Kjeldahl Nitrogen <0.20 mg/L 0.2 04-OCT-18 
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Limit ALS Control Limit (Data Quality Objectives) 
DUP Duplicate 

RPD Relative Percent Difference 

N/A Not Available 

LCS Laboratory Control Sample 

SRM Standard Reference Material 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

ADE Average Desorption Efficiency 

MB Method Blank 

IRM Internal Reference Material 

CRM Certified Reference Material 

CCV Continuing Calibration Verification 
CVS Calibration Verification Standard 
LCSD Laboratory Control Sample Duplicate 


Sample Parameter Qualifier Definitions: 


Qualifier Description 


RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit. 
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Quality Control Report 


Workorder: L2164033 Report Date: 11-DEC-18 Page 35 of 35 


Hold Time Exceedances: 


Sample 
ALS Product Description ID Sampling Date Date Processed Кес. HT Actual HT Units Qualifier 
Inorganic Parameters 
Chlorine, Total 

1 13-SEP-18 10:00 14-SEP-18 12:00 0.25 26 hours EHTR-FM 
2 13-SEP-18 11:00 14-SEP-18 12:00 0.25 25 hours EHTR-FM 
3 13-SEP-18 11:45 14-SEP-18 12:00 0.25 24 hours EHTR-FM 
4 13-SEP-18 13:00 14-SEP-18 12:00 0.25 23 hours EHTR-FM 
5 13-SEP-18 12:00 14-SEP-18 12:00 0.25 24 hours EHTR-FM 
6 13-SEP-18 14-SEP-18 12:00 0.25 24 hours EHTR-FM 


Legend & Qualifier Definitions: 


EHTR-FM: Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended. 

EHTR: Exceeded ALS recommended hold time prior to sample receipt. 

EHTL: Exceeded ALS recommended hold time prior to analysis. Sample was received less than 24 hours prior to expiry. 
EHT: Exceeded ALS recommended hold time prior to analysis. 

Rec. HT: ALS recommended hold time (see units). 

Notes*: 


Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes. 
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is 
used for calculation purposes. Samples for L2164033 were received on 13-SEP-18 16:56. 


ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government 
requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS. 


The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met. Each QC result has a known or expected target value, which is compared against pre- 
determined data quality objectives to provide confidence in the accuracy of associated test results. 


Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order. 
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Freshwater Sediment Toxicity Testing using Chironomus affut аа Hal AR Eed || 


EXECUTIVE SUMMARY 


Three freshwater sediment samples were collected on August 23, 2018 for testing. The samples 
arrived at Maxxam Analytics Fort McMurray location, in good condition, on August 24, 2018. 


The following freshwater sediment toxicity tests were conducted on the samples; a 10 day 
survival and growth test with the freshwater midge, Chironomus dilutus, and a 14 day survival 
and growth test with the freshwater amphipod, Hyalella azteca. 


Both the Chironomus test and the Hyalella test were initiated within their respective hold times 
with the Hyalella test ending on September 27, 2018 and the Chironomus test ending on 
October 5, 2018. АП sample results were statistically assessed against a negative control for both 
tests. 


Details regarding the test results, methods, test conditions, organism acclimation, and quality 
control measures are summarised within the report. All tabulated data, raw data, and 
associated supporting documents are located within the report appendices. 


Each test was considered valid as survival and growth in the negative control(s) met the validity 
criteria outlined in the associated reference methods. 


Maxxam Analytics 
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Freshwater Sediment Toxicity Testing using Chironomus difutds'dndHyalella azteca 
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1.2 


Table 1-1 


Freshwater Sediment Toxicity Testing using Chironomus Gifutés\andHyalellacazteca' |! 


SEDIMENT DESCRIPTION 


Sample Information 


Three freshwater sediment samples were collected on August 23, 2018 for testing. The samples 
arrived at Maxxam Analytics Fort McMurray location, in good condition, on August 24, 2018. 


All tests were initiated within their respective hold times. Sample information, including sample 
descriptions, porewater ammonia analyses, and water quality data are located in Appendix A. 
Upon opening the sample containers, a description of each sample was recorded ("Sediment 
Sample Descriptions" in Appendix A). 


Prior to testing, each field replicate was homogenized, using a stainless steel spoon. Any 
headspace in the sample container was purged with nitrogen gas prior to re-sealing it in order to 
prevent oxidation of the sediment during storage. When not in use, the sediments were stored 
in the dark at 4 + 2°C. 


Negative Control Sediment 


The control sediment (negative control) for the toxicity tests was collected from Yaquina Bay, 
Newport, Oregon, by staff of Northwestern Aquatic Sciences. This beach sand has been used as 
a negative control in previous studies within our laboratory, and has been found to be non-toxic 
to a variety of organisms. It was wet sieved through 500 um stainless steel mesh and thoroughly 
washed with the appropriate control water before use in the tests. 


Physiochemical Characterisation of Yaquina Bay Beach Sand 


Total Organic Carbon Moisture Content Sand Silt Clay 
(mg/kg) (%) (%) (%) (%) 
<500 16 98 2.4 <2.0 
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1.3 


Porewater Characterization 


On Day -1 of Chironomus testing, a seventh replicate of each sample was prepared, filled with 
reconstituted control water and aerated overnight, along with the test vessels. The following 
morning, the overlying water in the seventh replicate of each sample was decanted and aliquots 
of the sediment were distributed into 500 mL polycarbonate bottles. Nitrogen gas was placed 
over the sediments prior to centrifuging for 20 minutes at “5,000 rpm. The resulting porewater 
was carefully decanted and analysed for ammonia, pH, and temperature. 


Analysis of ammonia in porewater was performed at the Maxxam Environmental Inorganic 
Water Laboratory. The total ammonia concentrations as N (mg/L) in the samples, was measured 
under basic conditions using the Berthelot reaction in the presence of EDTA. A sample was 
treated sequentially until a blue indophenol complex formed, which could then be measured 
photometrically at 660 nm. 


Results of the ammonia, temperature, and pH in porewater analyses for each of the test 
samples are available in Appendix A. 
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Freshwater Sediment Toxicity Testing using Chironomus difütüs ата Hyala еса 


SECTION 
2 10 DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST 
21 Test Methods 


The survival and growth of Chironomus dilutus larvae, when exposed to whole sediment samples 
for 10 days, was assessed according to the Maxxam Standard Operating Procedure: Chironomus 
dilutus 10-Day Survival and Growth Test (BBY2SOP-00010), which is based on the Environment 
Canada Biological Test Method: Test for Survival and Growth in Sediment Using the Larvae of 
Freshwater Midges (Chironomus tentans or Chironomus riparius) (EPS 1/RM/32). 


One day prior to test initiation, the field replicates were individually homogenized, and a 100 mL 
aliquot was distributed into a 375 mL labelled test vessel. Reconstituted moderately hard water 
was then slowly added to the vessel by pouring a stream of water onto a Plexiglas baffle to 
minimize disturbing the sediment layer. The test vessels were then randomized on the bench 
top, and airlines and lids were fitted to each test vessel. 


A composite sample was produced by combining equal portions of each field replicate. Then, 
100 mL of the composite sample was distributed into the sixth and seventh replicate test vessels 
for water quality and porewater measurements. 


The following day, aliquots of overlying water were removed from the test vessels for initial 
overlying water chemistry. The sixth replicate test vessel was used for water quality 
measurements for the duration of the test and the seventh replicate was decanted and 
centrifuged to extract porewater for ammonia, temperature, and pH measurements (see 
Section 1.3). To initiate the test, ten larval chironomids were randomly selected from their 
holding containers and directly seeded into the test vessels. 


During the test, daily observations and aeration checks were performed. Temperature and 
dissolved oxygen measurements were taken three times per week in the test vessels designated 
for water quality measurements. Test vessels were also fed 3.75 mL Tetramin™ flakes, prepared 
as a 4 g dry solids/L slurry, on the days water quality measurements were taken. 


At test termination, the contents of each test vessel were sieved through a 500 um sieve іп 
order to retrieve the live larval midges. The number of larvae found was recorded along with 
any other observations made. The organisms were then placed into pre-weighed aluminum 
weigh boats that were subsequently placed into a ~60°C drying oven for >24 hours. Missing 
chironomids were presumed to have died and decomposed during the test. Any larval midges 
that had reached the pupal or adult stage of development were excluded from the dry weight 
analysis, if applicable. 
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2.2.1 


2:3 


Freshwater Sediment Toxicity Testing using Chironomus @ifutds-dndWValeliccarteed |! 


Organism Information 


Organism Acclimation and Holding Information 


One batch of laboratory-reared Chironomus dilutus larvae was received from Aquatic Biosystems 
on September 25, 2018. The midge larvae were shipped in 1L plastic containers filled with 
unbleached paper towels and overlying moderately hard water. Prior to shipping, the headspace 
in each container was filled with oxygen gas of a sufficient concentration to maintain adequate 
saturation levels in the shipping water. They were shipped directly for overnight delivery to 
Maxxam and arrived without incident. 


Upon arrival at Maxxam, the water quality of the shipping water was measured and compared 
to the test conditions. Gentle aeration was supplied to each shipping container. Any moribund 
or deceased larvae were removed and recorded on the acclimation sheet, if applicable 
(Appendix B). 


The chironomid larvae were not fed during the holding period as they were used the same day. 
Historically at Maxxam, it has been determined that little to no acclimation is required as long as 
the shipping, testing, and supplier laboratory conditions are similar. 


Organism Health 


The mortality rate during shipping did not exceed 1096 overall. Bench sheets with the 
receiving water quality and observations of the number dead or inactive larvae are available 
in Appendix B. 


Organism Age 


At test initiation, 20 representative larvae were euthanized and their head capsule widths were 
measured to the nearest 0.01 mm, using an inverted microscope outfitted with an ocular 
micrometer. The average head capsule width of the organism batch was determined to within 
the 0.33 — 0.45 mm range, which indicated they were the recommended age (see Table 2-1). 


Test Conditions 


See Table 2-1 for a detailed list of the test conditions. All bench sheets used to record raw data 
are available in Appendix B. 
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Freshwater Sediment Toxicity Testing using Chironomus а ико! апагну а ALEAR edd Inrormation 


Test Conditions for the 10-day Chironomus dilutus Test 


Parameter 
Test Type and Duration 


Temperature 


Photoperiod and Light 
Intensity 


Aeration 


Test Chamber 


Sediment Volume 
Porewater Water Quality 


Overlying Water Source and 
Volume 


Overlying Water Quality 


Replicates 


Control Sediment (Negative 
Control) 


Reference Sediment 


Feeding 


Organisms/ replicate 
Organism Source 
Mortality during acclimation 


Mean Head capsule width 
and organism age 


Endpoints 
Test Validity Criteria 


Statistical Software 


Conditions and Methods 
10 Day, Static (non-renewal) 


Average daily temperature 23 + 1 °C; instantaneous 
temperature 23 + 3 °С. 


16 hours light: 8 hours dark. Wide spectrum cool white 
fluorescent lights used to provide 622 - 741 lux. 


< 100 bubbles/ minute. Clean oil-free air supplied to each 
test vessel via micro-bore plastic tubing. 


375 mL glass jars with plastic lids containing small opening 
for airline tubing. 


100 mL of each homogenized field replicate (3-4 cm depth). 
Temperature, pH, and ammonia. 


175 mL (~5-6 cm depth); Reconstituted Moderately Hard 
Water; warmed to 23 + 1°C and aerated >24 hours before 
use. 


Temperature, pH, dissolved oxygen, conductance, hardness, 
alkalinity, and ammonia measurements on Day 0 and Day 10 
of the test. Temperature and dissolved oxygen were also 
measured three times weekly during the test. 


5 replicates per sample, plus 2 additional replicates for 
water quality measurements and porewater analyses. 


Yaquina Bay Sand, rinsed with control water and sieved 
through a 500 um stainless steel mesh. 


None 


3.75 mL Tetramin™ flakes as slurry (4g dry solids/L) per 
vessel, three times weekly. 


10 
Aquatic Biosystems, Fort Collins, Colorado. 
0.0% 


0.34 + 0.05 mm; 3" instar larval midges 


Mean Survival and Growth 


27096 mean survival in the negative controls. 
>0.6 mg mean dry weight in the negative controls. 


CETIS™ version 1.9.2.4. Tidepool Scientific Software 
(Copyright 2009-2016). 
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2.4 


2.4.1 


Table 2-2 


2.4.2 


2:5 


Freshwater Sediment Toxicity Testing using Chironomus üitutüs-dnd*Hyalella-ázteca 


Quality Assurance/Quality Control 


Reference Toxicant Results 


A 96 hour reference toxicant test, or positive control test, was conducted alongside the 
sediment test. The water-only test, using copper sulphate (Си504), was initiated to aid in the 
assessment of organism sensitivity and the precision of the results. The resulting LC50 was then 
compared in a control chart against the results of previous tests. Table 2-2 summarises the 
result of the reference toxicant test. 


The calculated LC50 for the reference toxicant test was within two standard deviations (9596) 
range of the historic mean LC50. This supports the assumption that the sensitivity of the 
organism batch was comparable to batches previously test in this laboratory. 


A reference toxicant test is only one of the tools used to assess the health of an organism. 
Natural variability accounts for the spread in reference toxicant LC50s. The method used in 
preparing the control charts was based on from "Ecotoxicology Control Charting" (COR2WI- 
00002). 


Reference Toxicant Test Result for Chironomus dilutus 


Organism Test LC50 with Previous Mean 
Batch Date 9596 Confidence Limits with 2SD 
(mg/L Си“) (mg/L Си?) 
AB180925 2018 Sep 25 0.98 (0.77, 1.25) 0.80 (0.33, 1.93) 


Test Validity Criteria 


The test is considered to be acceptable if the mean percent survival in the negative control is 
27096, and the mean dry weight is 2 0.6 mg. The mean percent survival of the negative controls 
was 9696, and the mean dry weight was 1.9 mg. 


Results 


Total survival and dry weights in each replicate, and mean + standard deviation (SD) in the 
control and test sediments are listed in the "Chironomus dilutus Survival and Growth Test- 
Survival of Larvae" and the "Chironomid Survival and Growth Test- Dry Weights of Larvae" data 
sheets, respectively. A summary of the test results is presented in Table 2-3. 


Total ammonia concentrations, pH, temperature, dissolved oxygen, hardness, conductance, and 
alkalinity measurements of the overlying water at test initiation (Day O) and completion (Day 10) 
are available in Appendix B. 
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Table 2-3 


2.6 


Freshwater Sediment Toxicity Testing using Chironomus Gifutas!dadHyalelacaztecal Ifc 


Data Analysis 


The survival and dry weights data for all samples and the negative control was entered into the 
statistical program "Comprehensive Environmental Toxicity Information System" (CETIS'", 2009- 
2016). When determining the appropriate comparison tests to use, the Environment Canada 
“Guidance Document on Statistical Methods for Environmental Toxicity Tests” (EPS 1/RM/46, 
2005) was followed. 


See the CETIS'" Analytical Reports for information on the specific tests used for the mean 
survival and dry weight comparisons. Analyses between the negative control and the samples 
were conducted as one-tailed comparisons. А! analyses were done with the decision level for 
determining statistical significance set to 0.05 (p value «0.05). 


Results for Mean Chironomus dilutus Survival and Growth 


Sample ID Mean Survival Mean Dry Weight 
+50 (%) + SD (mg) 
Negative Control 96 +5 1.94 + 0.16 
PZ-1 (007929 – UD7933) 92 +11 2.01+0.29 
1С-1 (007934 - 007938) 98 +4 2.00 + 0.20 
LZ-COMP (007947 – 907951) 100 +0 2.20 € 0.25 


SD - Standard Deviation 
There was no significant difference between any of the samples and the negative control. 


Deviations and Observations 


None. 
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3.1 


Freshwater Sediment Toxicity Testing using Chironomus üitutüs'anuHyalella-dzteca 


14 DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST 


Test Methods 


The survival and growth of the freshwater amphipod, Hyalella azteca, when exposed to whole 
sediment samples for 14 days, were assessed according to the Maxxam SOP: Hyalella azteca 14- 
Day Survival and Growth Test (BBY2SOP-00011), which is based on the Environment Canada 
Biological Test Method: Test for Survival and Growth in Sediment and Water Using the 
Freshwater Amphipod Hyalella azteca (EPS 1/RM/33). 


One day prior to test initiation, the field replicates were individually homogenised, and a 100 mL 
aliquot was distributed into a 375 mL labelled test vessel. Reconstituted moderately hard water 
was then slowly added to the vessel by pouring a stream of water onto a Plexiglas baffle to 
minimize disturbing the sediment layer. The test vessels were then randomized on the bench 
top, and airlines and lids were fitted to each test vessel. 


A composite sample was produced by combining equal portions of each field replicate. Then, 
100 mL of the composite sample was distributed into a sixth replicate test vessel used for water 
quality measurements. 


The following day, aliquots of overlying water were removed from the test vessels for initial 
overlying water chemistry. The sixth replicate test vessel was used for water quality 
measurements for the duration of the test. To initiate the test, the amphipods were removed 
from their holding containers and ten Hyalella were randomly selected and placed into plastic 
medicine cups containing control water. Once enough organisms were collected to start the 
tests they were seeded into the test vessels. 


During the test, daily observations and aeration checks were performed. Temperature and 
dissolved oxygen measurements were taken three times per week in the test vessel designated 
for water quality measurements. Test vessels were also fed 800 uL per replicate of a ground 
Tetramin™ Наке slurry (4 р dry solids/L) and 1.75 mL УСТ (yeast, alfalfa flakes, and digested trout 
chow) on the days the water quality measurements were taken. 


At test termination, the contents of each test vessel were examined, a small portion at a time, in 
a glass pan on a light table. The live amphipods were collected and counted. The amphipods 
were then placed into aluminum foil weigh boats that were subsequently placed into a ^60°С 
drying oven for »24 hours. Missing amphipods were presumed to have died and decomposed 
during the test. 
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3.2.1 


3.2.3 


3,3 


Freshwater Sediment Toxicity Testing using Chironomus Hitutuüs.dnd: Hyaléllacázteca IN 


Organism Information 


Acclimation and Holding Information 


One batch of Hyalella azteca was received from Aquatic Biosystems, Fort Collins, Colorado, USA, 
on September 11, 2018. Laboratory reared juvenile amphipods were packed into 1L plastic 
containers, filled with moderately hard water and a few plastic mesh squares. Prior to shipping, 
the headspace in each container was filled with oxygen gas of a sufficient concentration to 
maintain adequate saturation levels in the shipping water. They were shipped directly for 
overnight delivery to Maxxam and arrived without incident. 


Upon arrival at Maxxam, the container contents were carefully poured into glass culture dishes. 
Gentle aeration was supplied to each culture pan. An aliquot of shipping water from each 
container was set aside for water quality. It was then ensured that temperature adjustments to 
the holding water of the amphipods did not exceed 2°С per day. 


The organisms were held at Maxxam for two days before the test was initiated. The amphipods 
were fed YCT and Tetramin'" slurry at organism arrival and before test initiation. Datasheets 
containing the water quality measurements, with observations of number dead or inactive 
amphipods during the holding period, are available in Appendix C. 


Organism Health 


The average mortality rate in the culture did not exceed 10%. 


Organism Age 


At test initiation, the amphipods were 7-9 days old. 


Test Conditions 


See Table 3-1 for a detailed list of the test conditions. All bench sheets and raw data are 
available in Appendix C. 


Maxxam Analytics 


9 


001241 


Table 3-1 


Freshwater Sediment Toxicity Testing using Chironomus difutas|dnd Hall azteca informat 


Test Conditions for the 14-day Hyalella azteca Test 


Conditions and Methods 
14 Day, Static 


Parameter 


Test Type and Duration 


Average daily temperature 23 + 1 °C; instantaneous 
temperature 23 + 3 °C. 


Temperature 


Photoperiod and Light 
Intensity 


16 hours light: 8 hours dark. Wide spectrum cool white 
fluorescent lights used to provide 603- 678 lux. 


Aeration < 100 bubbles/ minute. Clean oil-free air supplied to each test 
vessel via micro-bore plastic tubing. 

Test Chamber 375 mL glass jars with plastic lids containing small opening for 
airline tubing. 

Sediment Volume 100 mL of each homogenized field replicate (3-4 cm depth). 


Overlying Water Volume 175 mL (~5-6 cm depth); Reconstituted water; ЗАМ5 recipe 


and Source (Borgmann, 1996). Temperature adjusted and aerated »24h 
before use. 

Overlying Water Quality Temperature, pH, dissolved oxygen, conductance, hardness, 
alkalinity, and ammonia measurements on Day 0 and Day 14 of 
the test. 

Feeding 800 uL of a ground Tetramin™ flake slurry (4g dry solids/mL), 


and 1.75 mL YCT per vessel, three times weekly. 


Replicates 5 replicates per sample, plus an additional replicate for water 
quality measurements. 


Control Sediment Yaquina Bay beach sand rinsed with clean overlying water and 
sieved through a 500 џт stainless steel mesh. 


Reference Sediment None. 
Organisms/ Replicate 10 


Organism Source and age | Aquatic Biosystems; amphipods aged 7-9 days at test start. 


Mortality during 0.096 

acclimation 

Endpoints Mean Survival, Mean Dry weight 
Test Validity Criteria 2 8096 mean survival in the controls. 


20.1 mg/amphipod in the controls. 


Statistical Software CETIS™ version 1.9.2.4. Tidepool Scientific Software (Copyright 


2009-2016). 
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3.4.1 


Table 3-2 


3.4.2 


3:5 


Freshwater Sediment Toxicity Testing using Chironomus ifu tas ауа! аса кеса! | 


Quality Assurance/Quality Control 


Reference Toxicant Results 


À 96 hour reference toxicant test, or positive control test, was conducted alongside the 
sediment test. The water-only test, using copper sulphate (Си504) was initiated to aid in the 
assessment of organism sensitivity and the precision of the results. The reference toxicant test 
1 С50 result was then compared in a control chart against the results of previous tests. Table 3-2 
summarises the result of the reference toxicant test. 


The calculated LC50 for the reference toxicant test was within the two standard deviation (9596) 
range of the historic mean LC50. This supports the assumption that the sensitivity of organism 
batch was comparable to batches previously tested in this laboratory. 


A reference toxicant test is only one of the tools used to assess the health of an organism. 
Natural variability accounts for the spread in reference toxicant LC50s. The method used in 
preparing the control charts was based on from "Ecotoxicology Control Charting" (COR2WI- 
00002). 


Reference Toxicant Test Results for Hyalella azteca 


Organism Test Date LC50 with 95% Confidence Limits Previous Mean with 250 


Batch (ug/L Си“) (ug/L Cu”) 
AB180911 2018 Sep 13 223 (191, 259) 240 (182, 316) 


Test Validity Criteria 


Survival data in the negative control is considered to be acceptable if the mean percent survival 
in the negative control is 28096, and the mean dry weight in the negative control is 20.1 
mg/amphipod. The mean percent survival of the negative control was 100% and the mean dry 
weight was 0.2 mg/amphipod. 


Results 


Total survival and dry weights in each replicate, and mean + standard deviation (SD) in the 
control and test sediments are listed in the "Hyalella azteca Survival and Growth Test-Survival" 
and "Hyalella azteca Survival and Growth Test- Dry Weights" data sheets, respectively. A 
summary of the results is located in Table 3-3. 


Total ammonia concentrations, pH, temperature, dissolved oxygen, hardness, conductance, and 
alkalinity measurements in the overlying water at test initiation (Day 0) and completion (Day 14) 
are available in Appendix C. 
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Freshwater Sediment Toxicity Testing using Chironomus ifutüs land Нуајенасв #еёа! INTC 


3.5.1 Data Analysis 


The survival and dry weight data for all samples and the negative control was entered into the 
statistical program "Comprehensive Environmental Toxicity Information System" (CETIS'", 2009- 
2016). When determining the appropriate comparison tests to use, the Environment Canada 
"Guidance Document on Statistical Methods for Environmental Toxicity Tests" (EPS 1/RM/46, 
2005) was followed. 


See the CETIS'" Analytical Reports for information on the specific tests used for the mean 
survival and dry weight comparisons. Analyses between the negative control and the samples 
were conducted as one-tailed comparisons. All analyses were done with the decision level for 
determining statistical significance set to 0.05 (p value «0.05). 


Table 3-3 Results for Mean Hyalella azteca Survival and Growth 
Sample ID Mean Survival Mean Dry Weight 
+ SD (96) + SD (mg) 
Negative Control 100 + 0 0.21 + 0.02 
PZ-1 (UD7929 – UD7933) 90+7 0.14 + 0.02* 
IC-1 (007934 – UD7938) 98 +4 0.24 + 0.04 
LZ-COMP (407947 – 007951) 96 +9 0.23 + 0.04 


SD = Standard Deviation 
*|ndicates a statistically significant decrease іп the sample relative to the negative control. 


3.6 Deviations 


None. 
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Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca 


APPENDIX 
B 10-DAY CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST 


Maxxam Analytics 
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Document Кејеа 


СЕТ!5 Analytical Report Report Date: 15 Oct-18 18:35 (p 1 of 1) 

Test Code: CT-11052-0118 | 11-1830-5567 
Chironomus 10-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 04-2898-4711 Endpoint: Survival Rate CETIS Version: CETISv1.9.2 
Analyzed: 15 Oct-18 18:31 Analysis: STP 2xK Contingency Tables Official Results: Yes 
Batch ID: 17-3027-9997 Test Type: Survival-AF Growth Analyst: 
Start Date: 25 Sep-18 15:01 Protocol: ЕС/ЕР5 1/RM/32 Diluent: Reconstituted Water 
Ending Date: 05 Oct-18 12:00 Species: Chironomus dilutus Brine: Not Applicable 
Duration: 9d 21h Source: Aquatic Biosystems, CO Age: 


Fisher Exact/Bonferroni-Holm Test 


Sample I vs Sample Il Test Stat P-Type P-Value  Decision(a:5%) 

Negative Control PZ-1 0.3389 Exact 1.0000 Non-Significant Effect 
IC-1 0.8788 Exact 1.0000 Non-Significant Effect 
LZ-COMP 1.0000 Exact 1.0000 Non-Significant Effect 


Auxiliary Tests 


Attribute Test Test Stat Critical — P-Value  Decision(a:5%) 
Extreme Value Grubbs Extreme Value Test 1.965 2.708 0.8008 No Outliers Detected 


Data Summary 


Group Code NR R NR*R  PropNR Ргор К Effect 
Control N 48 2 50 0.96 0.04 0.0% 
PZ-1 46 4 50 0.92 0.08 4.17% 
IC-1 49 1 50 0.98 0.02 -2.08% 
LZ-COMP 50 0 50 1 0 -4.17% 
Survival Rate Detail 
Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 
Control N 0.9000 1.0000 1.0000 1.0000 0.9000 
PZ-1 0.8000 0.8000 1.0000 1.0000 1.0000 
IC-1 1.0000 0.9000 1.0000 1.0000 1.0000 
LZ-COMP 1.0000 1.0000 1.0000 1.0000 1.0000 
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CETIS Analytical Report Report Date: 15 Oct-18 18:35 (p 1 of 2) 


Test Code: CT-11052-0118 | 11-1830-5567 
Chironomus 10-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 18-1151-2994 Endpoint: Mean Dry Weight CETIS Version: CETISv1.9.2 
Analyzed: 15 Oct-18 18:32 Analysis: Parametric-Control vs Treatments Official Results: Yes 
Batch ID: 17-3027-9997 Test Type: Survival-AF Growth Analyst: 
Start Date: 25 Sep-18 15:01 Protocol: ЕС/ЕР5 1/RM/32 Diluent: Reconstituted Water 
Ending Date: 05 Oct-18 12:00 Species: Chironomus dilutus Brine: Not Applicable 
Duration: 9d 21h Source: Aquatic Biosystems, CO Age: 
Data Transform Alt Нур Comparison Result PMSD 
Untransformed C>T PZ-1 passed mean dry weight 16.59% 
IC-1 passed mean dry weight 16.59% 
LZ-COMP passed mean dry weight 16.59% 

Dunnett Multiple Comparison Test 
Sample 1 vs X Sample II Test Stat Critical MSD ОР P-Type P-Value  Decision(a:5%) 
Negative Control PZ-1 -0.4869 2.227 0.321 8 СРЕ 0.8887 Non-Significant Effect 

ІС-1 -0.4445 2.227 0.321 8 СОЕ 0.8795 Non-Significant Effect 

LZ-COMP -1.8 2.227 0.321 8 СОЕ 0.9949 Non-Significant Effect 
Auxiliary Tests 
Attribute Test Test Stat Critical P-Value  Decision(a:5%) 
Extreme Value Grubbs Extreme Value Test 2.024 2.708 0.6738 No Outliers Detected 
ANOVA Table 
Source Sum Squares Mean Square DF F Stat P-Value  Decision(a:595) 
Between 0.188224 0.0627414 3 1.206 0.3393 Non-Significant Effect 
Error _ 0.832066 _ 0.0520041 16 
Total 1.02029 19 
Distributional Tests 
Attribute Test Test Stat Critical Р-Маіие Decision(a:1%) 
Variances Bartlett Equality of Variance Test 1.506 11.34 0.6808 Equal Variances 
Distribution Shapiro-Wilk W Normality Test 0.9546 0.866 0.4417 Normal Distribution 
Mean Dry Weight Summary 
Group Code Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect 
Control N 5 1.936 1.743 2.13 1.944 1.713 2.136 0.0697 8.05% 0.00% 
PZ-1 5 2.006 1.65 2.363 1.854 1.78 2.43 0.1285 14.32% -3.63% 
IC-1 5 2 1.757 2.243 1.974 1.831 2.331 0.08746 9.78% -3.31% 
LZ-COMP 5 2.196 1.884 2.507 2.312 1.881 2.454 0.1122 11.42% -13.41% 


Mean Dry Weight Detail 


Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 
Control N 1.883 1.944 1.713 2.005 2.136 
Р7-1 2.43 1.79 1.854 2178 1.78 
IC-1 2.331 1.974 1882 1.983 1.831 
LZ-COMP 2454 2354 2312 1.881 1.978 
79\% 
001-349-190-8 CETIS™ v1.9.2.4 Analyst DA oa: (Ы 
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CETIS Analytical Report 


Chironomus 10-d Survival and Growth Sediment Test 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Report Date: 15 Oct-18 18:35 (p 2 of 2) 
Test Code: CT-11052-0118 | 11-1830-5567 
Maxxam 


Analysis ID: 18-1151-2994 Endpoint: Mean Dry Weight CETIS Version: СЕТІ5у1.9.2 
Analyzed: 15 Oct-18 18:32 Analysis: Parametric-Control vs Treatments Official Results: Yes 
Graphics 
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Mean Dry Weight 


TT 


001-349-190-8 


Р2-1 


IC-1 


LZ-COMP 


CETIS™ v1.9.2.4 


обе 0010 
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ECOTOXICOLOGY Chironomus dilutus Survival and Growth Test ve 
Survival of Larvae Maxxam 


A Bureau Veritas Group Company 
ec 


BBY2FCD-00271/3 
Client ££ & Name: 11052 Hatfield Start Date and Time: 2018 Sept 25 (0 15:01 Page 1 of 1 


Job # B872132 End Date: 2018 Oct 05 
Organism Lot #: AB180925 


Analysts: S. Rostama, G. Matharu 


Initial# | Final# % Survival ______ 

Larvae | — Larvae Survived 

LEM MEN евала р ае Е ИИ 
ШЕГЕН ШЕГЕН БЕРЕ | w | | 


кк dag um ИЕ ИН ИЕ | А a 
в | 2 | s | o ||| 
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Eee m сш] эш san | de: ПА o 
в ШЕТИН БЕСТЕН ШЕТИН КЕНЕН PER 


Profed: Mt 2018 0916 
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ECOTOXICOLOGY Chironomid Survival and Growth Test 
igh fL BBY2FCD-00231/3 
Dry Weights of Larvae Page ЕС | 


Client # & Мате: 11052-Hatfeild Consultants Start Date and Time: 2018 Sept 25 
Balance ID: BBY2-0260 End Date: 2018 Oct 05 
Job 4 B872132 Weighing Dates: 2018 Sept 25 2018 Oct 15 
Drying Temperature (?C): 60 Drying Time (h) »24 
Analyst(s): | D. Lai 


Fd id lee | ДЕ | sem | | 
Worms (g) Wt. (8) (mg) /Worm (mg) | /Sample (mg) 
Control | А | 9 | 110335 | 112030 | 1695 | 188 | 194 | 046 | 
EA | B | 10 | 112448 | 114392 | 1944 | 194 | | —— 
| c | | 108261 | 109974 | 1733 | 17 | | | 
Б. | 10. | 2692870] 11165 ШЕТТЕН ШЕТ ЖИЕ БЕН ЖЕКЕН 
| 449 | LE. ЕГЕ ЕССЕСЕ i100p | 192 о 24 E 
pz-1 | А [| 8 | 10900 | 11104 | 1944 | 243 | 20: | 029 | 
| в | 8 | 110570 | 11202 | 1432 | 179 | | 
| с | 10 | 10903 | 111157 | 1854 | 185 | | 
| D | 10 | 110264 | 11:42 | 2178 | 238 | Jo o 
| E | 10 | 10929 | 111049 | 1780 | 178 | | | 
ІС-1 
| B | 9 | 110781 | 115% | 1777 | 197 | | | 
| C | | 110765 | 112627 | 1882 | 188 | | | 
| D | 10 | 10990 | 111073 | 1983 | 198 | o 
E | 10 | 108957 | 110788 | 1831 | ^ 183 | | | 
LZ-COMP 
| в | 10 | 100828 | 112182 | 2354 | 235 | 
L c ча | ramen | 13005 .[ - зала | amt -[ БЕНЕН КЕНЕН 
463 | D | 10 | 10817 | 110053 | 1881 | 188 | | | 
| E | 10 | 109250 | 11128 | 1978 | 168 | — — | | 
[од [ase] ius | - [| - | - | - | 
| | OA | 9 | 110350] 11202 | 1679 | — | 
Апаз [| ду | ом: | 


The average dry weight for the replicate controls must be >0.6 mg, for the test to be valid. 
Notes: 


001262 


T Document Released Under the Access to 
s.19(1) Information Act / Document divulgué en vertu 
de la Loi sur | асса ға 
AGuraau Varias Group Company 
ECOTOXICOLOGY BBY2FCD-00138/3 
CHIRONOMUS DILUTUS SURVIVAL AND GROWTH TEST - TEST INFORMATION — Page 1011 


Client & Мате: jc» - Hoatbield 
Jobi: [2539135 
Test Initiation Date & Time: 208 < 25 © (5:01 BONN ть oon 
Test Completion Date: 20 Oct 05 


Analyst(s) - maintenance 
and test completion: 


ma; Twollelo 


М\сеѕк, 
им 


Control Water Batch: _ 209 Sept Јо 
Control Sediment: NaquiA0 Bay beach sand 


жа 


OCH [ 


Organism Lot: 


9 
Age at Start of Test: мд Beck АТОС (Л) 
Feeding Regime: 3.75 mL Tetrafin slurry (4 g/L) per replicate 3x weekly 
Food Preparation Date: “Уу Seon XS ,2г1% Sep 1% 
Balance ID: 6842 - 02100 
Drying Oven ID: RA-OXFS 


WQ Instrument ID: J3- CSKA Р нож 


Additional Comments: 


@® we (2015 OHHO 
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ECOTOXICOLOGY 
CHIRONOMUS DILUTUS TEST DATA SHEET 


Sample ID: ( ONT ош 


Sample Date: Me 


Sample Received: СМ G 


Document Released Under the Access to 
Information Act / Ma. jam en vertu 
de la Loi sur l'accés à fey on 


BBY2FCD-00140/3 


Page 1 of 1 
Start Date: о PAM 
End Date: 2096 О Ge 


Job/Sample #: — (N(CA 


Measurements 


(mg/L СаСОз) 


(uS/cm) 


Initial | Final 


— Initial 


Samples Taken 


Final 


Initial overlying WQ measurements: 


56+ 


Final overlying WQ measurements: 


Date OCko 


- (КТАП rant On oed 


D.O. (mg/L) 


Analyst Wy Сс), ANDA Analyst S. ROS 
Day Tuesday Friday Sunday Tuesday Friday 

Day 0 Day 3 Day 5 Day 10 
Temp. (2C) d su 23.4 


ој Mt on 204 oly 
(її 2016 Oto 


Feeding 


Analyst 


Replicate 


# Surviving 
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ECOTOXICOLOGY 
CHIRONOMUS DILUTUS TEST DATA SHEET 


Sample ID: у 2 —) 
Sample Date: DUG Beo у 


~ 
20% Nie 38 


Sample Received: 


Document Released Under the Access to 
Information Act / Document diyulqué en vertu 
de la Loi sur l'accés à Махат 
BBY2FCD-00140/3 
Page 1011 


Start Date: Jo\& 
End Date: Jo 18 Ось 


Job/Sample #: (аса а / UD _ 


Initial 


A 


Measurements | Samples Taken 
pH Hardness Conductance Alkalinity (А 
_ (mg/L СаСОз) (uS/cm) (mg/L СаСОз) 
| Final Initial Final Initial Final Initial | Final Initial 
<0. 0.0 
ФА | WO | 205] aca] 510 L аа | 125 |40020 | 2-084 | 


Initial overlying WQ measurements: 


Г Final overlying WQ measurements: 
Analyst $ ROSE | Date 2018 ОСА-©5 


Analyst 


Analyst МА Date DES 25 
E п er A 
woes) | 953 123-4 | FRO | 28-0 | 256 
D.O. (mg/L) LS 5 "2 4 4 % 5 | 
Feeding J v^ J у. peers e 
Analyst М НА/ МА SR | BRK 
| Replicate A —|— B с р Е = 
| # Surviving | 6 n € 9 \O \0 | 
“ы 


Date 


Replicate 


Comments 


Analyst 


| 


| 
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ECOTOXICOLOGY 
CHIRONOMUS DILUTUS TEST DATA SHEET 


AC. 


Sample ID: 


Sample Date: DOK № ats 
Sample Received: ао“ A о ам 


Document Released Under the Access to 


Information Act / RAN i Хант en vertu 


de la Loi sur l'accès à ion. 
BBY2FCD-00140/3 
Page 1 of 1 
Start Date: о Сс 
End Date: 20 \ 8 Ољо + 


Job/Sample # AZI Var A 1038 354 _ 


Measurements Samples Taken , 
pH Hardness Conductance Alkalinity (B Ammonia (в) 
(те/1 СаСОз) (uS/cm) (mg/L СаСОз) (mg/L) 
Initial | Final Initial Final Initial ' Initial | Final | Initial | Final | 
м», | %5 | 10% | 20% (зо [546 |, 925 | „152 | 028 | 945 


Initial overlying МО measurements: 


Analyst Date 


| Final overlying WQ measurements: 


Analyst & Rosvama. | Date 


(€ octo 


Day 10 


Day Tuesday Friday 
L | Day 0 Рау 3 


= [23-3 


Тетр. (°С) 


ода 93.4 | 


D.O. (mg/L) 


Feeding 


E 


| Analyst > 


SR 


Replicate A 


# Surviving 


(8 WESR 2080402 


es томо 
s 20% He УМ 


Comments 


Replicate 


Anal st | 
ы | 


DN 


ee 
РНЕ 


- 


pe 
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Document Released Under the Access to 
Information Act / Document giyulgué en vertu 
de la Loi sur l'accés à | 


ECOTOXICOLOGY BBY2FCD-00140/3 
CHIRONOMUS DILUTUS TEST DATA SHEET | | | «P2 | Page 1011 
Sample ID: [2225 - Co MG Start Date: 90 Seg 2 5 
Sample Date: р End Date: ao N е СА ots 
Sample Received: à Job/Sample #: Ax я OS ) / \ Қ узо 42- 
Measurements Samples Taken 
pH Hardness Conductance | Alkalinity (M) | Ammonia (А) 
(mg/L СаСОз) (uS/cm) (mg/L СаСОз) (mg/L) 
Initial Final Initial Final Initial Final Initial | Final Initial Final | 
8.5 (22 | 200 |uc3,562 |, %55,/ |, 022) 04 


9. 


Initial overlying WQ measurements: Final overlying WQ measurements: 
Analyst АЛ Date Analyst % Моб Ауе | Date 208 octo 


Day | аи || Friday Tuesday Friday OM Les Hans bed b 4 
Eu ШЕСІ 

Тетр. (°С) 

D.O. (mg/L) 

Feeding 

| Analyst n 

Replicate A B xl C D E. 

# Surviving (о |? [0 е \о 

Analyst es 

Date Replicate | Comments Analyst 
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ECOTOXICOLOGY Reconstitued Water Recipe for Chironomus Ма Кат 


BBY2FCD-00141/2 
Page 1011 


BATCH ID: 2olg Sef 22. 


(Date Hardened) 


Chironomus dilutus HO Hardness Adjustment (Environment Canada 1997) 
(For water hardness 90 - 100 mg/L) 


TA 


Balance ID:_8 872 -026 О 

Analyst: СТ wolle (5 Add to Type 3 DI (L): 40 
Water Use: Wo S 2 пі Machine 0: 02-0159 
рае: 2p/8 [pt 222. 


Water Quality: 


Temp: à LE У : &) Hardness 9 L 


Cond: 2573 DO: S.A Alkalinity: ALS 


Chemical Weights 


Brand 


Lot # 


Calculated 


Actual 


Analyst: а 0 0000000 Date: „до\& S24 
Comments: узо 


CaCl2 x 220 (Calcium Chloride - dihydrous) 
MgSO4 (Magnesium Sulphate - anhydrous) 
CaSO, (в) (Calcium Sulphate- anhydrous) 
NaHCO3 (Sodium Bicarbonate) 

KCI (Potassium Chloride) 


Recipe: 0.45mM CaCl2: 0.37тМ Са504: 0.25mM MgSO4: 1.14mM NaHCO3: 0.05mM KCI 
Due fu 22185020 
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ECOTOXICOLOGY 


Chironomus dilutus (Formerly C. tentans) 
Measurements of Head Capsule Widths 


Client # & Name: 11052 - Hatfield Consultants 


Start Date and Time: 2018 Sep 25 @ 15:01 


End Date: 2018 Oct 05 


Organism Lot #: AB180925CH 


Head Widths at Beginning of Test 


| 
| 035 __ 
| 3 | 035 | 
| _ “/__ | os | 
Б | 509 | 
p. = do 049. | 
DR S oa 
е лыш ы Мем 
|___9 |00 | 
ы | 05 | 
ЕКЕН ЫН 
D om == |. oag 
NEC he 
ONE AMEND 
RENE ONES 
ПЕЕ лик 
ааа жанан 
ы 9 | 
а 
| Average | 


[ 040 | 
Average 


1 
2 
3 
5 
7 
10 
11 
12 
13 
15 
16 
17 
18 
19 
20 
D 


Average must be 0.33-0.45 mm (Environment Canada 1998) 


1 mm=40 units on micrometer 


) 
Ма хх am 
BBY2FCD-00247/1 
Page 1 of 1 


Proufed: mt 2018 00 Vo 
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ECOTOXICOLOGY 


Chironomus dilutus (Formerly С. tentans) 
Measurements of Head Capsule Widths 


Client # & Name: Wok Welds " 
Start Date and Time: 22,6 SEA 
End Date: AUX 
Organism Lot #: Делзоада J 


Head Widths at Beginning of Test 


| Chironomid# | Head Width (тт) | 
E m uc Je. 
ПОГ Е СТСТ АН 
[mas c 
СЕЕ == 
|. 5 | Фа __ 
| 6 | QAO | 
Го 
|. p uc eO Ч 
ВИСЕ UNIES 777 5 
GENE CENE OS ERI 
peer | 
BENE HN 24 à 
юз 5 2. -- 
а = INSEL ENIM 
зы аза 1 
ИНЕ ИННИИ ЕБИ > = 
ИНЕҮ ДЕНИЕТ КЕНЕЛЕ ЗЕЙІНІ 
ЕНЕТІН ИЧ БИШ 
зз йз цы С à 
20. - | _ ОБ. 


ROW /O 
ECS м 
[| Amis | Dla; | 


Ма SE гп 


BBY2FCD-00247/1 


kon = Loc 


O\m=\oc 


Average must be 0.33-0.45 mm (Environment Canada 1998) 


1 mm=40 units on micrometer 


Page 1of1 
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ECOTOXICOLOGY ORGANISMS - ( NA ` wy | 
ACCLIMATION AND HOLDING CONDITIONS а SAR 


BBY2FCD-00070/5 
Page | of | 


Organism Lot #: ARI80425CH , | 
Water (L) per Shipping Bag: V 4 f) Organism: cux ООДА || Tus 
Number of Shipping Bags: Z | #of Organisms Ordered: КОО 
Light Intensity (lux): ( d> 64% 


Arrival Conditions oy 


|  Mortalities | 


Water Quality 


(и5/ст)/ Тетр DO А 
# Оеаа % Dead 
di dic TT Ей 


АНН Пааа колыннан as СЕОБА кей 
(КЕЗЕ меен Ри САУ RED БОН 
Hasc ИЕШЕ КИШИНИН A 
лын мет a ГЕНА e 
eet MERI Eo /; ЖЕРКЕН ИЕ eae 
Ec. curo ye == 
(ЕКЕН MEME NONE PEE i ЖУ УРНАШ 
EMEN =з шии == 

Se a нин тсе 
Кы сы ORDRE ыы ысы 
КОНИЛ SR а ЕСН 
p e 


otal Mortalities 


ia =: 
aS) 
aes: 
Қарашы 
окна 
ae 
= 
а 
EN 
Кыл ысыгы 
eee fe oad 


Equipment ID: B = 5 2. 


Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions): Analyst 
У\ о SK 


eae 011] Я Ж Od | 


AWE MH 206 ОСЕ 16 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 


de la Loi ASTON 25 CH” 


Toll Free: 800/331-5916 
Tel:970/484-5091 Fax:970/484-2514 


s.19(1) 


1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 


ORGANISM HISTORY 


DATE: 9/24/2018 


SPECIES: Chironomus dilutus (formerly C. tentans) 
AGE: Deposited 9/15/2018 To Hatch 9/7/2017 


LIFE STAGE: Second Instar 9/26/2018 
HATCH DATE: Emergent date 10/9/2018 


BEGAN FEEDING: Immediately 


FOOD: .. Raphidocelis subcapitata.*, Flake slurr 
Water Chemistry Record: Current Range 
TEMPERATURE: 25°C 23-26°C 
SALINITY/CONDUCTIVITY: = -- 
TOTAL HARDNESS (as СаСОз): 138 mg/l 88-172 mg/l 
TOTAL ALKALINITY (as СаСОз): 100 mg/l 65-110 mg/l 
pH: 8.16 7.50-8.28 
Comments: * Formerly known as Psuedokirschneriella subcapitata and Selenastrum capricornutum 
Facility Supervisor 


Aquatic BioSystems, Inc + Quality Research Organisms 
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| $ ма Kolman 


ECOTOXICOLOGY Randomization Chart A Bureau Veritas Group Company 
Tab: Sediment Tests BBY2FCD-00438/2 
Pg: 1of1 
Test: Chironomids Start Date: 15% Sep 26 
Client # & Мате: 11052-Hatfield 
Back Wall Position Map 

6 12 18 

5 11 17 

4 10 16 

3 9 15 

2 8 14 

1 7 13 etc. 


Front of Counter 


Position # Sample ID Replicate Colour Position # — Sample ID Replicate Colour 

19 A 

10 B 

13 Negative C Red 

20 Control D 

23 E 

12 Measure 

9 A 

3 B 

8 C 

11 PZ-1 1025 р Огапве 

16 Е 

21 Меазиге 

18 А 

22 B 

5 C қ | 

1 1С-1 10F5 D Purple Light Blue 
E 

14 Measure 

17 A 

24 B 

2 € 4 

15 LZ-COMP 105 р Dark Green Light Green 

6 E E 

7 Measure Measure 
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formation. 


sur l'accé 


A Bureau Veritas Group Company 
"Td 


Maxxam Job #: B883343 Maxxam Analytics (TOX Internal) 
Report Date: 2018/10/03 Sampler Initials: NB 


RESULTS OF CHEMICAL ANALYSES OF WATER 


ШЕШ 9К2819 UK2820 UK2821 UK2822 [: 
2018/09/25 2018/09/25 2018/09/25 2018/09/25 
10:00 10:00 10:00 10:00 
NES 9002 9002 9002 9002 EN 


UNITS Control Overly Day 0 PZ-1 Overly Day 0 ІС-1 Overly Day 0 LZ Comp Overly Day 
CH CH CH 0 CH 


Page 4 of 9 


Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way V5G 1К5 Telephone(604) 734-7276 Fax(604) 731-2386 
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Махат 


Success Through Science 
А Bureau Veritas Group Company 
Maxxam Job #: B887420 Maxxam Analytics (TOX Internal) 
eport Date: 2018/10/12 Sampler Initials: SR 
RESULTS OF CHEMICAL ANALYSES OF WATER 

| | UM5474 UM5475 UM5476 UM5477 
Sampling Date | | 2018/10/05 2018/10/05 2018/10/05 2018/10/05 

Be 9230 9230 9230 9230 


.0 


UNITS Control-Day 10 PZ1-Day 10 Overly IC1-Day 10 Overly LZ COMP-Day 10 
Overly Water Water Water Overly Water 
Carbonate (CO3) «1 


RDL = Reportable Detection Limit 


Page 3 of 7 


Maxxam Analytics International Corporation o/a Maxxam Analytics Burnaby: 4606 Canada Way VSG 1K5 Telephone(604) 734-7276 Fax(604) 731-2386 
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Document Released Under the Access to 

Information Act / Document divulgué en vertu 

de la Loi sur l'accès à l'information. 
Freshwater Sediment Toxicity Testing using Chironomus dilutus and Hyalella azteca 


APPENDIX 
С 14-DAY HYALELLA AZTECA SURVIVAL AND GROWTH TEST 


Maxxam Analytics 
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CETIS Analytical Report 


Hyalella 14-d Survival and Growth Sediment Test 


Analysis ID: 08-9460-1835 Endpoint: Survival Rate 

Analyzed: 15 Oct-18 18:47 Analysis: STP 2xK Contingency Tables 
Batch ID: 03-7881-1713 Test Type: Survival-Growth 

Start Date: 13 Sep-18 15:26 Protocol: EC/EPS 1/RM/33 

Ending Date: 27 Sep-18 12:00 Species: Hyalella azteca 

Duration: 13d 21h Source: Aquatic Biosystems, CO 


Fisher Exact/Bonferroni-Holm Test 


Sample | vs Sample Il Test Stat P-Type P-Value 
Negative Control PZ-1 0.0281 Exact 0.0844 
IC-1 0.5000 Exact 0.5000 
LZ-COMP 0.2475 Exact 0.4949 
Auxiliary Tests 
Attribute Test Test Stat 
Extreme Value Grubbs Extreme Value Test 2.819 
Data Summary 
Group Code NR R NR+R Prop NR 
Control N 50 0 50 1 
PZ-1 45 5 50 0.9 
IC-1 49 1 50 0.98 
LZ-COMP 48 2 50 0.96 
Survival Rate Detail 
Group Code Rep 1 Rep 2 Rep 3 Rep 4 
Control N 1.0000 1.0000 1.0000 1.0000 
PZ-1 1.0000 0.9000 0.9000 0.8000 
IC-1 1.0000 1.0000 1.0000 0.9000 
LZ-COMP 1.0000 1.0000 1.0000 1.0000 
Graphics 
1.0 Е e • é e 
0.9 |Б ө 
E 
os F 
0.6 E 
PaL 
E jae 
ја 0.3 E 
0.2 
0.1 
0.0 1 ] = ) 
i 5 5 E $ 
9 9 
"5 5 


001-349-190-8 


t yd ^ y^ £e 
штогта 


Report Date: 15 Oct-18 18:48 (p 1 of 1) 
Test Code: HA-11052-0118 | 07-5345-7463 


Maxxam 


CETIS Version: СЕТІ5у1.9.2 
Official Results: Yes 


Analyst: 

Diluent: Reconstituted Water 
Brine: Not Applicable 

Age: 


Decision(a:5%) 

Non-Significant Effect 
Non-Significant Effect 
Non-Significant Effect 


Critical 
2.708 


Prop R 
0 

0.1 
0.02 
0.04 


Rep 5 
1.0000 
0.9000 
1.0000 
0.8000 


CETIS™ v1.9.2.4 


P-Value  Decision(a:5%) 
0.0285 Outlier Detected 


Effect 
0.0% 
10.0% 
2.0% 
4.0% 


49% 
76917 


МА 
О: O ОА: Qi 
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CETIS Analytical Report Report Date: 15 Oct-18 18:48 (p 1 of 2) 
Test Code: HA-11052-0118 | 07-5345-7463 
Hyalella 14-d Survival and Growth Sediment Test Maxxam 
Analysis ID: 05-8306-9362 Endpoint: Mean Dry Weight-mg CETIS Version: СЕТІ5у1.9.2 
Analyzed: 15 Oct-18 18:48 Analysis: X Parametric-Control vs Treatments Official Results: Yes 
Batch ID: 03-7881-1713 Test Type: Survival-Growth Analyst: 
Start Date: 13 Sep-18 15:26 Protocol: EC/EPS 1/RM/33 Diluent: Reconstituted Water 
Ending Date: 27 Sep-18 12:00 Species: Hyalella azteca Brine: Not Applicable 
Duration: 13d 21h Source: Aquatic Biosystems, CO Age: 
Data Transform Alt Hyp Comparison Result PMSD 
Untransformed C>T PZ-1 failed mean dry weight-mg 19.31% 
IC-1 passed mean dry weight-mg 19.31% 
LZ-COMP passed mean dry weight-mg 19.31% 
Dunnett Multiple Comparison Test 
Sample | vs Sample Il Test Stat Critical MSD DF P-Type P-Value Decision(a:5%) 
Negative Control PZ-1* 3.743 2.227 0.040 8 CDF 0.0024 Significant Effect 
IC-1 -1.941 2.227 0.040 8 СОЕ 0.9965 Non-Significant Effect 
LZ-COMP -1.059 2.227 0.040 8 CDF 0.9668 Non-Significant Effect 
Auxiliary Tests 
Attribute Test Test Stat Critical P-Value  Decision(a:5%) 
Extreme Value Grubbs Extreme Value Test 2.08 2.708 0.5689 No Outliers Detected 
ANOVA Table 
Source Sum Squares Mean Square DF F Stat P-Value Оесіѕіоп(о:5%) 
Between 0.030975 0.010325 3 12.5 1.8E-04 Significant Effect 
Error 0.0132117 0.0008257 16 
Total 0.0441867 19 
Distributional Tests 
Attribute Test Test Stat Critical P-Value Decision(a:1%) 
Variances Bartlett Equality of Variance Test 2.519 11.34 0.4718 Equal Variances 
Distribution Shapiro-Wilk W Normality Test 0.9598 0.866 0.5406 Normal Distribution 
Mean Dry Weight-mg Summary 
Group Code Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% Effect 
Control N 5 0.2096 0.185 0.2342 0.212 0.183 0.238 0.008858 9.45% 0.00% 
PZ-1 5 0.1416 0.1179 0.1653 0.1422 0.1144 0.1663 0.008543 13.49% 32.45% 
IC-1 5 0.2449 0.2005 0.2892 0.2633 0.196 0.281 0.01598 14.60% -16.83% 
LZ-COMP 5 0.2289 0.1846 0.2731 0.227 0.174 0.2713 0.01593 15.56% -9.18% 
Mean Dry Weight-mg Detail 
Group Code Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 
Control N 0.212 0.212 0.238 0.183 0.203 
PZ-1 0.135 0.1144 0.1422 0.1663 0.15 
IC-1 0.265 0.219 0.281 0.2633 0.196 
LZ-COMP 0.245 0.174 0.227 0.227 0.2713 
[57 
o% 0% 
IRS _ 
001-349-190-8 CETISTM v1.9.2.4 Analyst: _ ОЖ“ ОА: N Y 
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CETIS Analytical Report 


Hyalella 14-d Survival and Growth Sediment Test 


Analysis ID: 05-8306-9362 Endpoint: Mean Dry Weight-mg 
Analyzed: 15 Oct-18 18:48 Analysis: Parametric-Control vs Treatments 
Graphics 


0.30 m 


0.20 


Мет 
0.25 Г ЖЖ 
| 


0.15 


Mean Dry Weight-mg 


0.05 


Врнчани Re: Reject Null 


Centered 
Untransformed 


L—e— 
19 
0.00 Ви a 1 
Control Р2-1 IC-1 LZ-COMP 


001-349-190-8 


CETIS™ v1.9.2.4 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Report Date: 15 Oct-18 18:48 (p 2 of 2) 
Test Code: НА-11052-0118 | 07-5345-7463 
Maxxam 


CETIS Version: CETISv1.9.2 
Official Results: Yes 


% 
Analyst: Di QA: | 
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ECOTOXICOLOGY Hyalella azteca Survival and Growth Test - M w 


Su rviva | А ат Сотрапу 
BBY2FCD-00275/4 
Page А of 
Client # & Name: 11502 Hatfield Consultants Start Date and Time: 2018 Sep 13 @ 15:26 
Job # B872132 End Date: 2018 Sep 27 


Organism Lot #: AB180911 


Analysts: S. Rostama 


Initial # | Finals | Survival 
D = "bum 


Control 


LZ-COMP 


rooted. M+ 2015 oil 
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s.19(1) 


ECOTOXICOLOGY Hyalella azteca Survival and Growth Test- IM д 


: а «arr 
Dry Weights A Bureau Veritas Group Company 
BBY2FCD-00129/5 
Page 1 of 1 
Client & & Name: 11052 Hatfield Consultants Start Date and Time: 2018 Sep 13 (9 15:26 
Job/Sample #: B872132/Various End Date: 2018 Sep 27 
Organism Lot #: AB180911 Drying Temperature (°С): 60 +/- 5 
Weighing Dates: 2018 Oct 03 Drying Time (h): » 24 hours 
Analysts: | 


pe ве Hyalella Hyalella Wt.| Mean Wt./Hyalella | Mean Wt./Sample 
Hyalella Wt.(g) (mg) (mg) (mg) 


# 

Control 

L3B- ШОШ 90809. | 212 а. Qu pe — ЕЕ 

БЕЛ БЕСТЕ БЕГЕН сазвао арар 

ER | o | 1 | 000183 | 183 | ов | — | | 

ГЕ | о] оо | 203 | о | || 

| 6 | Pi 

[ув] s» | wo | 10 |. out 31 - | 

ЕН Lre БЕСІ БӨКТТТІЗЗНЕ БЕТТІ БНБ НА p... i 
p 
p s] 


= 
pce 
ES [ 5 | s | oos | is | 07 | AERE 
| | 9 | 000135 | 135 |045 | Пе 
са | a | 10 | 000655 | 265 | 027 | 04 | oo | 
| | 10 [000219 | 2:9 | 02 | J | 
| c | 10 | oo | 281 | oz |] J | 
Hn а манын 

Peet ШЕСЕРДІ 

| 0.04 | 

шы 

=a 

DN 

KNEES 


5 Jos he боозу БАСУ ПАДНЕ d 


zcom [в | 1 | ooa | iv | оу | 
Le 


——| Е ee 
The average dry weight for the replicate controls must be 20.1 те, for the test to be valid. 
Notes: 
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s.19(1) 


ECOTOXICOLOGY 


Client # & Name: 

Job #: 

Test Initiation Date & Time: 
Test Completion Date: 


Room #: 


Analyst(s): 


Control Water Batch: 


Control Sediment: 


Organism Lot: 
Age at Start of Test: 


Feeding Regime: 


YCT Batch Number: 


Tetramin Preparation Date: 


Balance ID: 
Drying Oven ID: 


МО Instrument ID: 


Additional Comments: 


A Bureau Veritas Group Company 
BBY2FCD-00144/5 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - TEST INFORMATION __ Pagelofi. 


11052 Hatfield 


B872132 


2018 Sept 13 @ |<; 2( 

2018 Sept 27 

мо 
0" A Мехом 


ео. 


1.75mL УСТ & 800 ul tetramin slurry (46/1) per replicate Зх weekly м 


208 $еб\ XO 2 201% сер 0X, RS 
10% 44 02 12018 жуш 
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Document Released Under the Access to 
Information Act / UNS En en vertu 
| $ 


de la Loi sur lacced\dl lank maim 
ECOTOXICOLOGY BBY2FCD-00143/6 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATASHEET 77 Form: Control 
Sample ID: Control Start Date: September 13, 2018 
Job ft: B872132 End Date: September 27, 2018 
Measurements Samples Taken 
pH Conductance Alkalinity (4) Ammonia (2) 
(mg/L СаСОз) (uS/cm) (mg/L СаСОз) (mg/L) 
Initial Initial Initial Final 


Initial overlying WQ measurements: 


Analyst NS У ELA \ 


Thursday Saturday Tuesday Thursday Saturday Tuesday Thursday 


Date 


= === 


Day Day 0 Day 2 Day 5 Day 7 Day 9 Day 14 

Temp. (°С) н | уз Feri 13.6. | 200217 23.6 

солы | Фле | gs P792 АЧ | Và 39 8:3 

ТЫҒА | 

Analyst | po С ve SR | мо SR 

Feeding-Day: | © |, ЈА ЖИЕС 4 5 | 6 7 | 8 9 ю | ла | 12 | 13 | 
Analyst ~ | KO LX n “Tw AN no Nl es | 


^ A 


Replicate A B С 


# Surviving \') YD О | 


Е )Cleomtxcedio се 
probe. lA Cuv Ov 


р SK & SR souches E97 
Analyst S | Measurment, re mecsured создал Му 
о) 

Date Replicate Comments and/or additional WQ measurements: Analyst us 
| l. 
E + à 

4007, 
EO 
SC 
TRES IEEE т «б 
| a 
5® (Е о 2105015 — (A)Naloes ^xünSUnvtd by 

С. rt ЕЯ we 1 ъи) Ser (A Wt 2018 CHU , 

Cond PO PE к 001284 — 


Document Released Under the Access to 
Information Act / Documentdivulgué en vertu 
de la Loi sur l'accéeMI a: aim 


чүн Graup komna 


ECOTOXICOLOGY BBY2FCD- 00143/6 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET _ Form: Sample 
Sample ID: PZ-1 10Е5 Start Date: September 13, 2018 
Job #/Sample #: B872132 UD7929 End Date: September 27, 2018 


Measurements Samples Taken 
Hardness Conductance Alkalinity Ammonia 
(mg/L CaCO3) (uS/cm) (mg/L СаСОз) (mg/L) 
Initial i Initial | Final Initial Zu Final 


Initial Final 
“о% м M eT 


[ Final overlying WQ measurements: 
Analyst 5, Хомо, | Date 2015 Sep 2 


Saturday 


4$ $3 14% 225 |изЕ 


Initial overlying МО measurements: 


Analyst ° ` Date 


Thursday Saturday Tuesday 


Thursday Saturday 
Day 9 Day 12 


Day 0 Day 2 


Temp. (20) 


D.O. (mg/L) 
Subsampled for 
ammonia (V) 


Analyst 


Feeding-Day: | о | 
Analyst ЕЗ 


Replicate A B E C | 5 = Е | 
ANNE И Е 9 9 g | à i Os юш 52 in 
Analyst SR SK _ S R SR SR молы ome red DURS 55. е 


Date Replicate | Comments and/or additional МО measurements: A 


nalyst 
9065 (en is 7075 NOT % ia Закр BE. 


BSpecraly м тәрісее C. - 


SANTE 


OL | See WE SQ 20Nis T: OESR 2018 бер 2 + 
{ (5 боа родише Ғе rules Nansen LT M} diuidi 
v see) 
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ECOTOXICOLOGY 


HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET | 


Document Released Under the Access to 


Information Act / Document divulgué en vertu 


de la Loi sur l'acceM| Вока 


A Bureau Veritas Graun Company 


BBY2FCD-00143/6 
Form: Sample 


Sample ID:  IC-110F5 Start Date: September 13, 2018 
Job #/Sample tt: B872132 UD7934 End Date: September 27, 2018 
| Measurements Samples Taken 
H | Hardness Conductance 
А (mg/L СаСОз) (uS/cm) 
Initial Final | Initial Final 
16a, | 206 | цаҷ 


inal overlying WQ measurements: 


F 
кезі SRasrheung. | Date 20% "m 

Saturday Tuesday Thursday Saturday Tuesday Saturday 
Day Day 0 Day 2 Day 5 Day 7 Day 9 Day 12 Day 14 
Temp. (°С) ix 345-7 175. 23.5 Load | 23.6 
D.O. (mg/L) д. Б 6 5 $1 9. 8.5 KM 55 
Subsampled for | / 42... ees : С ee 
ammonia (v) 7 inu n м 
Analyst Í Tw Wo SR Mo 


Feeding-Day: 


Analyst 
Replicate A B | С р Е $ À 
l | icc 
# Surviving | (© EN \O NO 9 © 0) мол b oluhowtor тоду) 
Analyst SR 5 K SA SIS. | S A probe ns aio che «SK 14 
- and гелле ле Cou 50% ой? 
Replicate | Comments and/or additional WQ measurements: =| Ше... шш 
| -- — 
DN -— 


7505 Ge | 
ха 
@ we 3 20 SEP WE SR 285 Sep 27 © Values ато b = 
( Ow ins Wk №20 И | 1 
ua. р lace SKB) 
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Document Released Under the Access to 
Information Act / Document-divulgué en vertu 
de la Loi sur Гассе KR ей}! 


А Bureau Veritas Group Compan 
.7 


ECOTOXICOLOGY BBY2FCD-00143/6 


HYALELLA AZTECA SURVIVAL AND GROWTH TEST - DATA SHEET Form: Sample 
Sample ID: 17-СОМР 10F5 Start Date: September 13, 2018 
Job #/Sample it: B872132 UD7947 End Date: September 27, 2018 
Measurements | Samples Taken | 
Hardness Conductance Alkalinity © | Ammonia © 
(mg/L СаСОз) (uS/cm) (mg/L Сасоз) | (mg/L) 
Initial Final Initial | Final 
«0.020 
ww 
Final overlying WQ measurements: 
= 
Analyst ГЕН и Date 208 Sep 27 
Thursday Saturday Tuesday Thursday Saturday Tuesday | Saturday 
Day 2 Day 5 Day 9 Day12 | Day14 


257 |246 |231 | 239 


р.0. (mg/L) 
Subsampled for 
ammonia (V) 


Analyst 


Feeding-Day: 


Analyst 


clean (сойгом 


Replicate 

# Surviving (0 Probe № иу ОМА, yolyfiow те 
Analyst SK measur ~Remengured gouduch 

SR доо 22 LE 
Date Replicate | Comments and/or additional WQ measurements: | Analyst 
{7 
O/v n 
SU. 
540 
| 


WE doa PA (9€ SR eo Sep Ld. Сема prob was маме plate 
~ { Ovaives мото by Ма 2015061 © | 
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Document Released Under the Access to 
Information Act / Document dtyulqué en vertu 
de la Loi sur l'accès à MRXX am 


ECOTOXICOLOGY BBY2FCD-00142/2 
HYALELLA AZTECA SURVIVAL AND GROWTH TEST - AERATION CHECKS | Page 1011 


Client # & Name: | 105: Ба Mc Xe AN Start Date: ӘС Sept y (> 


WELE 


Тыа | oyo] 1 | 2 | 3 | 4 | s 

DAS 2018 2 72 2018 
Date 2555; AY 2042 Ея Seo! 
Early AM Ala К Un SR NS WA {туо 


Mid-day (| NS м | SS | қо М Tu | о 
N 


Late PM N no | Sf HS NO Tw мо 


Еапу АМ 


Mid-day E 


Late PM 


Comments: 


M 
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ECOTOXICOLOGY SAM-5S Water Recipe for Hyalella M a Хат 


BBY2FCD-00133/2 
BATCH ID : KNE аром 
(Date Hardened) 


Page 1 of 1 
SAM-5S Reconstituted Water Recipe for Hyalella azteca 
as per Borgmann 1996 (For water hardness "125 mg/L) 


mi e ex 
Lama. | A home (42050 | (ңдар 


собр 
Balance 10: 78$ E — 


Amt NMS Add to Type 3 DI (L): 50 


Water Use: ^N, m Machine ID: 
Date: = AZ 2690 > 


Water Quality: 
Temp (°C):_ AS pH: 82 Hardness (mg/L) VAL 
Cond (us/cm): — HAL DO (mg/l): & 6 Alkalinity (mg/L): na 


Chemical Weights 


Brand 


Lot # 


Calculated 


Analyst: À D Lex Date: доб Seow 


Comments: N iA 


NaHCO3 (Sodium Bicarbonate) sn 


T 
NaBr (Sodium Bromide) Bis 


CaCl2 x 2H20 (Calcium Chloride - dihydrous) 


MgSO4 (Magnesium Sulfate - anhydrous) 
‘KCI (Potassium Chloride) 
SAM-5S Recipe = 1 mM CaCl2, 1 mM NaHCO3, 0.01 mM NaBr, 0.05 mM KCI, and 0.25 mM MgSO4 


Borgmann, U. 1996. Systematic analysis of aqueous ion requirements of Hyalella azteca : A standard artificial medium 
including the essential bromide ion. Archives of Environmental Contamination and Toxicology . 30: 356-363. 


001289 


ECOTOXICOLOGY ORGANISMS - 


ACCLIMATION AND HOLDING CONDITIONS Ма X A ба m 


BBY2FCD- 00070/5 
Page \ of | 


Client #5 : 1052. Date & Time of Arrival: Das Sep We доб 
Organism Lot #: \ A Age upon Arrival: ~ -4 Ays 
Water (L) per Shipping Bag: iie Organism: \ | (ел ^ 


Number of Shipping Bags: \ #of Organisms Огдегед: МАО 


Light Intensity (lux): 6 oy G1 « 


Daily Conditions During Holding/Acclimation 
|  Mortalities | ја“ ^ Water Quality | 


E | [222 | [бе [ae 
e 
а 
EE 


Arrival Conditions 


ШТ 


Date # Dead % Dead Feeding Analyst 


үү 
ШШЕ; 


Н 


O74 | 
1503 
КЕЕ 
=== 
Equipment ID: Эр, CES __ 
Comments (e.g. feeding times and quantities; fish behaviour, acclimation conditions): Analyst 
ANS Pi «ес eO Se S TUE усу вдехх Обе 


Tini: 
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Document Released Under the Access to 
5.191) Information Act / Document divulgué еп vertu 


de la Loi sur KOKAR 


Toll Free: 800/331-5916 
Tel: 970/484-5091 Fax:970/484-2514 


1300 Blue Spruce Drive, Suite C 
Fort Collins, Colorado 80524 


ORGANISM HISTORY 
DATE: 


9/10/2018 


SPECIES: Hyalella azteca 27 


АСЕ: 4-6 дау s= | 
LIFE STAGE: Juvenile 
HATCH DATE: Variable 
BEGAN FEEDING: Immediately | 


FOOD: Flake slurry 


Water Chemistry Record: Current Range 
TEMPERATURE: 25°С 23-26°С 
SALINITY/CONDUCTIVITY: = -- 
TOTAL HARDNESS (as СаСОз): 114 mg/l 96-200 mg/l _ 
TOTAL ALKALINITY (as CaCO;): | 75mgl 50-80 mg/l 
pH: 7.83 7.20-8.20 
Comments: 


гасипу зирегуізот 


Aquatic BioSystems, Inc * Quality Research Organisms 
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Document | 
Information Act / 


Released Under the Access to 
Act / 


de la Loi sur Гаскев-а Liffbemation. 
ECOTOXICOLOGY Randomization Chart Wa ха m 
Tab: Sediment Tests BBY2FCD-00438/2 
Pg: 1011 | 
Test: Hyalella Start Date: 2018 Sep 13 " 
Client # & Name: 11052 Hatfield = 
Vite 
Back Wall Position Map T 
6 12 18 
5 11 17 
4 10 16 
3 9 15 
2 8 14 
1 7 13 etc. 
Front of Counter 
Position # Sample ID Replicate Colour Position & — Sample ID Replicate Colour 
22 A 37 A 
3 B 38 B 
6 Negative C 39 C Е 
2 Control ` D nee 40 D pink 
20 E 41 Е 
4 Меазиге 42 Measure 
3 A 43 A 2: 
9 B 44 B 7 
ІЯ Р2-1 OF 5 5 Огапве ps 2 White Ж 
18 Е 47 Е ја 
10 Measure 48 Measure 
15 A 49 A 
23 B 50 B 
5 C 51 C : 
1 1С-1 10F5 D Purple 52 D Light Blue 
11 E 53 E 
21 Measure 54 Measure 
16 A 55 A 
19 B 56 B 
M LZ-COMP 10F5 М Dark Green x Б Light Green 
8 E 59 Е 
17 Measure 60 Measure 
5 A 7 61 А 
6 В 62 В 
а | Yellow Be : Pink/Yellow : 
29 Е 65 Е á 
30 Меазиге 66 Меазиге E 
1 A 67 А 5 
2 B 68 B nie 
1 5 Dark Blue ми | Red/Green 
5 E 71 E 
36 Measure 72 Measure 
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М а Хуа | Ї | Success Through Science 


А Bureau Veritas Group Company 
А 


Maxxam Job #: B879193 Maxxam Analytics (TOX Internal) 
Report Date: 2018/09/19 Client Project #: Water only Hyalella chemistry 
Sampler Initials: NS 


RESULTS OF CHEMICAL ANALYSES OF WATER 


Maxxam ID | | UH8843 UH8844 UH8845 UH8846 


| 2017/09/13 2017/09/13 2017/09/13 2017/09/13 
Sampling Date Li 16:00 16:00 16:00 16:00 


8714 8714 8714 8714 


Control Overly Day 0 LZ-COMP Overly DAy 0 IC-1 Overly Day 0 PZ-1 OVerly Day 0 
UNITS RDL 
Hy HY Hy HY 


Misc. Inorganics 


— 
о 


- 
о 
t 
5 
c 
o 
5 
Ф 
et 
@ 
== 
I 
[n] 
o 
œ 
= 
3 
са 
— 
= 
wo 
~ 
со 
wo 
о 
~ 
m 
о 


| 
Carbonate (СОЗ) mal 
XU m 


Total Ammonia (N) <0.020 0.060 0.044 0.020 


RDL = Reportable Detection Limit 


efje 
ojo 


5 


1 


Page 3 of 7 
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Document Released Under the Access to 


CNUL9184 Information Act / Des ebingivulgue en vertu 
de la Loi sur Гассеваве! iafermeation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


[ Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2152759-1 PZ-1 

Sampled By: — AO/AJ on 23-AUG-18 @ 09:17 

Matrix: Sediment 

CCME BTEX, F1 TO F4 
BTEX and F1 | 
Benzene «0.0050 0.0050 mg/kg | 23-AUG-18 | 28-AUG-18 | R4175505 
Toluene «0.050 0.050 mg/kg | 23-AUG-18 | 28-AUG-18 | R4175505 
Ethylbenzene «0.010 0.010 mg/kg | 23-AUG-18 | 28-AUG-18 | R4175505 
m+p-Xylene <0.050 0.050 mg/kg | 23-AUG-18 | 28-AUG-18 | R4175505 
o-Xylene <0.050 0.050 mg/kg | 23-AUG-18 | 28-AUG-18 | R4175505 
Xylenes <0.10 0.10 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 1,4-Difluorobenzene (SS) 82.0 70-130 % | 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 4-Bromofluorobenzene (SS) 73.6 70-130 % | 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 3,4-Dichlorotoluene (SS) 77.0 70-130 % | 23-АОС-18 | 28-AUG-18 | R4175505 
ССМЕ Total Extractable Hydrocarbons | 
Surrogate: 2-Bromobenzotrifluoride 78.9 70-130 % | 25-AUG-18 | 25-AUG-18 | R4183383 
Chrom. to baseline at nC50 YES | 25-AUG-18 | 25-AUG-18 | R4183383 
Prep/Analysis Dates 25-AUG-18 | 25-AUG-18 | R4183383 
CCME Total Hydrocarbons | 
F1 (C6-C10) «10 10 mg/kg | 30-AUG-18 
F1-BTEX «10 10 mg/kg | 30-AUG-18 
F2 (C10-C16) «20 20 mg/kg 30-AUG-18 
F2-Naphth «20 20 mg/kg | 30-AUG-18 
F3 (C16-C34) 23 20 mg/kg | 30-AUG-18 | 
F3-PAH 23 20 mg/kg 30-AUG-18 
F4 (C34-C50) 34 20 mg/kg 30-AUG-18 
F4G-SG (GHH-Silica) <500 500 mg/kg 30-AUG-18 | 
Total Hydrocarbons (C6-C50) 57 20 mg/kg 30-AUG-18 


Total Carbon, TOC and TIC in soil 
Inorganic Carbon as CaCO3 Equivalent 


Inorganic Carbon (as CaCO3 Equivalent) 2.95 0.40 % 04-SEP-18 

Total Carbon by combustion method | 

Total Carbon by Combustion 1.06 0.05 % 01-SEP-18 | 01-SEP-18 | R4196285 
Total Inorganic Carbon in Soil | 

Inorganic Carbon 0.355 0.050 % 04-SEP-18 | R4198789 
Total Organic Carbon Calculation | 

Total Organic Carbon 0.71 0.21 % 04-SEP-18 
Miscellaneous Parameters 

% Moisture 31.3 0.50 % 25-AUG-18 | R4183066 
F4G Prep/Analysis Dates | 25-AUG-18 | 27-AUG-18 | R4183957 
Mercury (Hg) 0.0100 0.0050 mg/kg | 01-SEP-18 01-SEP-18 | R4196180 
Particle Size 

% Sand 59.8 1.0 % 29-AUG-18 | R4192391 
% Silt 20.2 1.0 % 29-AUG-18 | R4192391 
% Clay 20.0 1.0 % 29-AUG-18 | R4192391 
Texture Sandy loam / 29-AUG-18 | R4192391 


Sandy clay loam 
Particle size - Pipette removal OM & CO3 


% Sand (2.0mm - 0.05mm) 68.6 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Silt (0.05mm - Хит) 23.1 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Clay (<гит) 8.3 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
Texture Sandy loam 06-SEP-18 | 07-SEP-18 | R4205338 
Metals in Soil by CRC ICPMS 

Aluminum (А!) 5460 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Antimony (Sb) «0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Arsenic (As) 1.77 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Document Released Under the Access to 


CNUL9184 Information Act / еёнееўітејуиіоие en vertu 
de la Loi sur l’accéæacl'inférmation. 


Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 


Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2152759-1 PZ-1 

Sampled By: АО/АЈ on 23-AUG-18 @ 09:17 

Matrix: Sediment 
Metals in Soil by CRC ICPMS 
Barium (Ba) 38.7 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Beryllium (Be) 0.27 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Bismuth (Bi) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Boron (B) 5.9 5.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cadmium (Cd) 0.020 0.020 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Calcium (Ca) 8870 | 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Chromium (Cr) 10.4 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cobalt (Co) 2.92 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 | 
Copper (Cu) 4.41 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 | 
Iron (Fe) 7900 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Lead (Pb) 4.02 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Lithium (Li) 6.4 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Magnesium (Mg) 2490 20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Manganese (Mn) 102 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Molybdenum (Mo) 0.30 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Nickel (Ni) 7.85 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Phosphorus (P) 137 | 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Potassium (K) 740 100 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Selenium (Se) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Silver (Ag) <0.10 0.10 | mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sodium (Na) 69 50 mg/kg 01-SEP-18 03-SEP-18 | R4196800 
Strontium (Sr) 24.9 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sulfur (S) <1000 1000 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Thallium (TI) 0.052 0.050 mg/kg 01-SEP-18 | O3-SEP-18 | R4196800 
Tin (Sn) «2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Titanium (Ti) 74.6 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Tungsten (W) <0.50 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Uranium (0) 0.319 0.050 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Vanadium (V) 14.7 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zinc (Zn) 11.5 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zirconium (Zr) 9.6 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
PAH & Alkylated PAH List 
Acenaphthene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acenaphthylene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acridine <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Anthracene <0.0040 0.0040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benz(a)anthracene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(a)pyrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Perylene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(e)pyrene «0.010 0.010 mg/kg | 28-AUG-18 | 30-AUG-18 | 84194849 
Benzo(b&j)fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(k)fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(g,h,i)perylene <0.010 0.010 mg/kg | 28-AUG-18 | 30-AUG-18 | R4194849 
Biphenyl <0.010 0.010 mg/kg | 28-AUG-18 | 30-AUG-18 | R4194849 
C2 sub'd B(a)A/chrysene <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Benzofluoranthenes/Benzopyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Biphenyls <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Naphthalenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Phenanthrenes/Anthracenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 

L 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2152759-1 PZ-1 

Sampled By: AO/AJ on 23-AUG-18 @ 09:17 

Matrix: Sediment 
PAH & Alkylated PAH List 
C3 Dibenzothiophenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Naphthalenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Phenanthrenes/Anthracenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Dibenzothiophenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Naphthalenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Phenanthrenes/Anthracenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Benzanthracenes/Chrysenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Benzanthracenes/Chrysenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Chrysene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenz(a,h)anthracene «0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenzothiophene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluorene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Indeno(1,2,3-cd)pyrene «0.010 | | 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benz(a)Anthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benzofluoranthenes/Benzopyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Acenaphthenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Biphenyls «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Dibenzothiophenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluoranthenes/Pyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluorenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
1-Methylnaphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
2-Methylnaphthalene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Naphthalene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Phenanthrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Quinoline <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Retene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Acenaphthene 83.5 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d12-Chrysene 89.1 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d8-Naphthalene 77.4 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Phenanthrene 82.0 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 

L2152759-2 IC-1 

Sampled By: — AO/AJ on 23-AUG-18 @ 15:10 

Matrix: Sediment 

CCME BTEX, F1 TO F4 
BTEX and F1 | 
Benzene «0.0050 0.0050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Toluene «0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Ethylbenzene «0.010 0.010 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
m+p-Xylene <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 84175505 
о-Хуепе <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Xylenes <0.10 0.10 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 1,4-Difluorobenzene (SS) 84.5 70-130 % 23-АОС-18 | 28-AUG-18 | R4175505 
Surrogate: 4-Bromofluorobenzene (SS) 79.8 70-130 % 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 3,4-Dichlorotoluene (SS) 90.1 70-130 % 23-AUG-18 | 28-AUG-18 | R4175505 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2152759-2 IC-1 | 

Sampled By: — AO/AJ on 23-AUG-18 @ 15:10 

Matrix: Sediment 
CCME Total Extractable Hydrocarbons | 
Surrogate: 2-Bromobenzotrifluoride 83.2 70-130 % 25-AUG-18 | 25-AUG-18 | R4183383 
Chrom. to baseline at пС50 YES 25-AUG-18 | 25-AUG-18 | R4183383 
Prep/Analysis Dates | 25-AUG-18 | 25-AUG-18 | R4183383 
CCME Total Hydrocarbons 
F1 (C6-C10) | <10 10 mg/kg 30-AUG-18 
F1-BTEX | <10 10 mg/kg 30-AUG-18 
F2 (C10-C16) <20 20 mg/kg 30-AUG-18 
F2-Naphth <20 20 mg/kg 30-AUG-18 
F3 (C16-C34) 47 20 mg/kg 30-AUG-18 
F3-PAH 47 20 mg/kg 30-AUG-18 
F4 (C34-C50) | 39 20 mg/kg 30-AUG-18 
F4G-SG (GHH-Silica) <500 500 mg/kg 30-AUG-18 
Total Hydrocarbons (C6-C50) 86 20 mg/kg 30-AUG-18 

Total Carbon, TOC and TIC in soil 
Inorganic Carbon as CaCO3 Equivalent 
Inorganic Carbon (as CaCO3 Equivalent) 0.53 0.40 % 04-SEP-18 
Total Carbon by combustion method 
Total Carbon by Combustion 0.32 0.05 % 01-SEP-18 | 01-SEP-18 | R4196285 
Total Inorganic Carbon in Soil | | 
Inorganic Carbon 0.063 0.050 | 04-SEP-18 | R4198789 
Total Organic Carbon Calculation 
Total Organic Carbon 0.258 | 0.050 % 04-SEP-18 
Miscellaneous Parameters | 
% Moisture | 23.0 0.50 % 25-AUG-18 | R4183066 
F4G Prep/Analysis Dates | 25-AUG-18 | 27-AUG-18 | R4183957 
Mercury (Hg) | «0.0050 0.0050 mg/kg 01-SEP-18 | 01-SEP-18 | R4196180 
Particle Size 
% Sand 95.8 1.0 % 29-AUG-18 | R4192391 
% Silt 4.2 1.0 % 29-AUG-18 | R4192391 
% Clay | <1.0 1.0 % 29-AUG-18 | R4192391 
Texture Sand 29-AUG-18 | R4192391 
Particle size - Pipette removal OM & CO3 | 
% Запа (2.0тт - 0.05тт) | 97.8 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Silt (0.05mm - Хит) 1.4 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Clay (<2um) <1.0 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
Texture Sand 06-SEP-18 | 07-SEP-18 | R4205338 
Metals in Soil by CRC ICPMS | 
Aluminum (Al) | 450 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Antimony (Sb) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Arsenic (As) 0.35 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Barium (Ba) | 5.86 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Beryllium (Be) | <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Bismuth (Bi) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Boron (B) <5.0 5.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cadmium (Cd) <0.020 0.020 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Calcium (Ca) 2020 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Chromium (Cr) 1.17 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cobalt (Co) 0.41 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Copper (Cu) 0.90 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Iron (Fe) 1210 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Lead (Pb) 0.73 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2152759-2 IC-1 

Sampled By: АО/АЈ on 23-AUG-18 @ 15:10 

Matrix: Sediment 
Metals in Soil by CRC ICPMS 
Lithium (Li) «2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Magnesium (Mg) 680 20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Manganese (Mn) 26.0 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Molybdenum (Mo) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Nickel (Ni) 2.64 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Phosphorus (P) <50 | 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Potassium (K) <100 | 4100 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Selenium (Se) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Silver (Ag) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sodium (Na) <50 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Strontium (Sr) 6.53 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sulfur (S) <1000 1000 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Thallium (TI) «0.050 0.050 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Tin (Sn) <2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Titanium (Ti) 18.1 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Tungsten (W) <0.50 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Uranium (U) 0.074 0.050 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Vanadium (V) 1.67 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zinc (Zn) <2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zirconium (Zr) 1.2 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
PAH & Alkylated PAH List 
Acenaphthene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acenaphthylene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acridine <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Anthracene <0.0040 0.0040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benz(a)anthracene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(a)pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Perylene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(e)pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(b&j)fluoranthene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(k)fluoranthene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(g,h,i)perylene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Biphenyl <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 sub'd B(a)A/chrysene «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Benzofluoranthenes/Benzopyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Biphenyls <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Benzanthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Benzanthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Chrysene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenz(a,h)anthracene <0.0050 0.0050 mg/kg | 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenzothiophene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result D.L. Units Extracted Analyzed Batch 

L2152759-2 IC-1 

Sampled By: — AO/AJ on 23-AUG-18 @ 15:10 

Matrix: Sediment 
PAH & Alkylated PAH List 
Fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluorene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Indeno(1,2,3-cd)pyrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benz(a)Anthracenes/Chrysenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benzofluoranthenes/Benzopyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Acenaphthenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Biphenyls «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Dibenzothiophenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluoranthenes/Pyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluorenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
1-Methylnaphthalene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
2-Methylnaphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Phenanthrenes/Anthracenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Naphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Phenanthrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Quinoline <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Retene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Acenaphthene 86.4 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d12-Chrysene 93.5 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d8-Naphthalene 85.7 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Phenanthrene 95.3 50-140 % 28-AUG-18 | 30-AUG-18 | 84194849 

L2152759-3 LZ-COMP 

Sampled Ву:  AO/AJ on 23-AUG-18 @ 13:10 | 

Matrix: Sediment 

CCME BTEX, F1 TO F4 
BTEX and F1 
Benzene <0.0050 0.0050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Toluene <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Ethylbenzene <0.010 0.010 mg/kg 23-AUG-18 | 28-AUG-18 |R4175505 | 
m+p-Xylene <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
о-Хујепе <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Xylenes «0.10 0.10 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 | 
Surrogate: 1,4-Difluorobenzene (SS) 86.2 70-130 96 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 4-Bromofluorobenzene (SS) 78.4 70-130 % 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 3,4-Dichlorotoluene (SS) 83.4 70-130 % 23-AUG-18 | 28-AUG-18 | R4175505 
CCME Total Extractable Hydrocarbons 
Surrogate: 2-Bromobenzotrifluoride 77.1 70-130 % 25-AUG-18 | 25-AUG-18 | R4183383 
Chrom. to baseline at nC50 YES 25-AUG-18 | 25-AUG-18 | R4183383 
Prep/Analysis Dates 25-AUG-18 | 25-AUG-18 | R4183383 
CCME Total Hydrocarbons 
F1 (C6-C10) <10 10 mg/kg 30-AUG-18 
F1-BTEX <10 10 mg/kg 30-AUG-18 
F2 (C10-C16) <20 20 mg/kg 30-AUG-18 
F2-Naphth <20 20 mg/kg 30-AUG-18 
F3 (C16-C34) 73 20 mg/kg 30-AUG-18 
F3-PAH 73 20 mg/kg 30-AUG-18 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 

L2152759-3 12-СОМР 

Sampled Ву:  AO/AJ on 23-AUG-18 @ 13:10 

Matrix: Sediment 
CCME Total Hydrocarbons 
F4 (C34-C50) 66 20 mg/kg 30-AUG-18 
F4G-SG (GHH-Silica) <500 500 mg/kg 30-AUG-18 
Total Hydrocarbons (C6-C50) 139 20 mg/kg 30-AUG-18 

Total Carbon, TOC and TIC in soil 
Inorganic Carbon as CaCO3 Equivalent 
Inorganic Carbon (as CaCO3 Equivalent) 1.02 0.40 % 04-SEP-18 
Total Carbon by combustion method 

| _ Total Carbon by Combustion 0.35 0.05 | % 01-SEP-18 | 01-SEP-18 | R4196285 
| Total Inorganic Carbon in Soil | 

Inorganic Carbon 0.122 0.050 % 04-SEP-18 | R4198789 
Total Organic Carbon Calculation 
Total Organic Carbon 0.223 0.069 % 04-SEP-18 
Miscellaneous Parameters 
% Moisture 20.7 0.50 % 25-AUG-18 | R4183066 
F4G Prep/Analysis Dates 25-AUG-18 | 27-AUG-18 | R4183957 
Mercury (Hg) <0.0050 | 0.0050 mg/kg 01-SEP-18 | 01-SEP-18 | R4196180 
Particle Size 
% Sand 94.2 1.0 % 29-AUG-18 | R4192391 
% Silt 5.8 1.0 % 29-AUG-18 | R4192391 
% Clay <1.0 | 1.0 % 29-AUG-18 | R4192391 
Texture Sand | 29-AUG-18 | R4192391 
Particle size - Pipette removal OM & CO3 
% Sand (2.0mm - 0.05mm) 96.9 1.0 96 06-SEP-18 | 07-SEP-18 | R4205338 
% Silt (0.05mm - 2um) 2.6 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Clay (<2um) <1.0 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
Texture Sand 06-SEP-18 | 07-SEP-18 | R4205338 
Metals in Soil by CRC ICPMS 
Aluminum (Al) 394 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Antimony (Sb) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Arsenic (As) 0.36 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Barium (Ba) 5.63 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Beryllium (Be) <0.10 | 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Bismuth (Bi) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Boron (B) <5.0 5.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cadmium (Cd) <0.020 0.020 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Calcium (Ca) 3070 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Chromium (Cr) 1.07 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cobalt (Co) 0.42 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Copper (Cu) 0.58 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Iron (Fe) 1060 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Lead (Pb) 0.72 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Lithium (Li) <2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Magnesium (Mg) 960 20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Manganese (Mn) 36.6 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Molybdenum (Mo) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Nickel (Ni) 1.01 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Phosphorus (P) <50 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Potassium (K) <100 100 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Selenium (Se) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Silver (Ag) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sodium (Na) <50 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 


001303 


Document Released Under the Access to 
Information Act / Dasrmeñtrgivulgué en vertu 


CNUL9184 
de la Loi sur l'acc@ace!’ infarmaation. 
Version: FINAL 
ALS ENVIRONMENTAL ANALYTICAL REPORT 

Sample Details/Parameters Result Qualifier D.L. Units Extracted Analyzed Batch 

L2152759-3 LZ-COMP 

Sampled Ву: — AO/AJ on 23-AUG-18 @ 13:10 

Matrix: Sediment 
Metals in Soil by CRC ICPMS 
Strontium (Sr) 8.82 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sulfur (S) «1000 1000 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Thallium (TI) «0.050 0.050 mg/kg 01-SEP-18 | O3-SEP-18 | R4196800 
Tin (Sn) «2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Titanium (Ti) 15.6 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Tungsten (W) <0.50 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Uranium (0) 0.070 0.050 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Vanadium (V) 1.47 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zinc (Zn) <2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zirconium (Zr) 14 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
PAH & Alkylated PAH List 
Acenaphthene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acenaphthylene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acridine <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Anthracene <0.0040 0.0040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benz(a)anthracene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(a)pyrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Perylene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(e)pyrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(b&j)fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(k)fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(g,h,i)perylene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Biphenyl <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 sub’d B(a)A/chrysene <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Benzofluoranthenes/Benzopyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Biphenyls <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | 84194849 
C4 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Benzanthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Benzanthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Chrysene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenz(a,h)anthracene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenzothiophene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluoranthene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluorene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Indeno(1,2,3-cd)pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benz(a)Anthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benzofluoranthenes/Benzopyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Acenaphthenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Biphenyls <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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L2152759-3 LZ-COMP 

Sampled By: АО/АЈ on 23-AUG-18 @ 13:10 

Matrix: Sediment 
PAH & Alkylated PAH List 
1-Methylnaphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
2-Methylnaphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Phenanthrenes/Anthracenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Naphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Phenanthrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Pyrene «0.010 | 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Quinoline «0.010 | 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluoranthenes/Pyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluoranthenes/Pyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluorenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Fluoranthenes/Pyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Retene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Acenaphthene 89.4 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d12-Chrysene 94.8 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d8-Naphthalene 90.2 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 

| Surrogate: d10-Phenanthrene 92.3 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 | 
| L2152759-4 SP-1 

Sampled By:  AO/AJ on 23-AUG-18 @ 09:17 

Matrix: Sediment | 

CCME BTEX, F1 TO F4 
BTEX and F1 
Benzene <0.0050 0.0050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Toluene | <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Ethylbenzene «0.010 0.010 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
m+p-Xylene <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
o-Xylene <0.050 0.050 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Xylenes <0.10 0.10 mg/kg 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 1,4-Difluorobenzene (SS) 91.0 70-130 % 23-АОС-18 | 28-AUG-18 | R4175505 
Surrogate: 4-Bromofluorobenzene (SS) 94.5 70-130 % 23-AUG-18 | 28-AUG-18 | R4175505 
Surrogate: 3,4-Dichlorotoluene (SS) 88.4 70-130 % 23-AUG-18 | 28-AUG-18 | R4175505 
CCME Total Extractable Hydrocarbons 
Surrogate: 2-Bromobenzotrifluoride 77.1 70-130 % 25-AUG-18 | 25-AUG-18 | R4183383 
Chrom. to baseline at nC50 YES 25-AUG-18 | 25-AUG-18 | R4183383 
Prep/Analysis Dates 25-AUG-18 | 25-AUG-18 | R4183383 
CCME Total Hydrocarbons 
F1 (C6-C10) «10 10 mg/kg 30-AUG-18 
F1-BTEX «10 10 mg/kg 30-AUG-18 
F2 (C10-C16) «20 20 mg/kg 30-AUG-18 
F2-Naphth «20 20 mg/kg | 30-AUG-18 
F3 (C16-C34) 30 20 mg/kg 30-AUG-18 
F3-PAH 30 20 mg/kg 30-AUG-18 
F4 (C34-C50) 44 20 mg/kg 30-AUG-18 
F4G-SG (GHH-Silica) «500 500 mg/kg 30-AUG-18 
Total Hydrocarbons (C6-C50) 74 20 mg/kg 30-AUG-18 

Total Carbon, TOC and TIC in soil 
Inorganic Carbon as CaCO3 Equivalent | 
Inorganic Carbon (as Сасоз Equivalent) 2.66 0.40 % 04-SEP-18 
Total Carbon by combustion method 
Total Carbon by Combustion 1.00 0.05 % 01-SEP-18 | 01-SEP-18 | R4196285 
Total Inorganic Carbon in Soil 
Inorganic Carbon 0.319 0.050 % 04-SEP-18 | R4198789 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier*^ D.L. Units Extracted Analyzed Batch 

121527594 — SP-1 | | 

Sampled By: — AO/AJ on 23-AUG-18 @ 09:17 | | | 

Matrix: Sediment 
Total Organic Carbon Calculation 
Total Organic Carbon 0.681 0.050 % 04-SEP-18 
Miscellaneous Parameters 
% Moisture 25.3 0.50 % 25-AUG-18 | R4183066 
F4G Prep/Analysis Dates 25-AUG-18 | 27-AUG-18 | R4183957 
Mercury (Hg) 0.0091 0.0050 mg/kg 01-SEP-18 | 01-SEP-18 | R4196180 
Particle Size 
% Sand 61.8 1.0 % 29-AUG-18 | R4192391 
% Silt 18.2 1.0 % | 29-AUG-18 | R4192391 
% Clay 20.0 1.0 96 | 29-AUG-18 | R4192391 
Texture Sandy loam / 29-AUG-18 | R4192391 

Sandy clay loam 
Particle size - Pipette removal OM & CO3 | 
% Запа (2.0mm - 0.05mm) 69.9 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Silt (0.05mm - Хит) 25.1 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
% Clay (<2um) 5.0 1.0 % 06-SEP-18 | 07-SEP-18 | R4205338 
Texture Sandy loam 06-SEP-18 | 07-SEP-18 | R4205338 
Metals in Soil by CRC ICPMS | 
Aluminum (А!) 5390 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Antimony (Sb) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Arsenic (As) 1.81 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Barium (Ba) 36.4 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Beryllium (Be) 0.27 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Bismuth (Bi) <0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 | 
Boron (B) 6.4 5.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cadmium (Cd) 0.024 0.020 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Calcium (Ca) 8680 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Chromium (Cr) 9.89 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Cobalt (Co) 2.78 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Copper (Cu) 4.15 0.50 | mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Iron (Fe) 7310 50 mg/kg | 01-SEP-18 | 03-SEP-18 | 84196800 
Lead (Pb) 4.15 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Lithium (Li) 6.4 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Magnesium (Mg) 2640 20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Manganese (Mn) 97.2 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Molybdenum (Mo) 0.30 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Nickel (Ni) 7.29 0.50 mg/kg 01-SEP-18 03-SEP-18 | R4196800 
Phosphorus (P) 144 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Potassium (K) 780 100 mg/kg 01-SEP-18 03-SEP-18 | R4196800 
Selenium (Se) «0.20 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Silver (Ag) <0.10 0.10 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Sodium (Na) 70 50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Strontium (Sr) 24.5 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 | 
Sulfur (S) <1000 1000 mg/kg 01-SEP-18 | 03-SEP-18 R4196800 | 
Thallium (TI) <0.050 0.050 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Tin (Sn) <2.0 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Titanium (Ti) 92.1 1.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Tungsten (W) <0.50 0.50 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Uranium (U) 0.322 0.050 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Vanadium (V) 14.4 0.20 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zinc (Zn) 11.4 2.0 mg/kg 01-SEP-18 | 03-SEP-18 | R4196800 
Zirconium (Zr) 9.7 1.0 mg/kg 01-SEP-18 03-SEP-18 | R4196800 
1 РАН List | _ 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier* D.L. Units Extracted Analyzed Batch 
L2152759-4 SP-1 | 
Sampled By: АО/АЈ on 23-AUG-18 @ 09:17 | 
Matrix: Sediment 
PAH & Alkylated PAH List 
Acenaphthene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acenaphthylene <0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Acridine <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Anthracene <0.0040 0.0040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benz(a)anthracene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(a)pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Perylene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(e)pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(b&j)fluoranthene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(k)fluoranthene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Benzo(g,h,i)perylene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Biphenyl <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 зиђа B(a)A/chrysene <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Benzofluoranthenes/Benzopyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Biphenyls <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
| C2 Dibenzothiophenes | <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
| C2 Fluorenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Dibenzothiophenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Naphthalenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Benzanthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Benzanthracenes/Chrysenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Chrysene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenz(a,h)anthracene «0.0050 0.0050 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Dibenzothiophene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluoranthene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Fluorene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Indeno(1,2,3-cd)pyrene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Benz(a)Anthracenes/Chrysenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
| C1 Benzofluoranthenes/Benzopyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Acenaphthenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Biphenyls «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Dibenzothiophenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluoranthenes/Pyrenes «0.040 0.0040 | mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Fluorenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
1-Methylnaphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
2-Methylnaphthalene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C1 Phenanthrenes/Anthracenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Naphthalene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Phenanthrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Pyrene <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Quinoline <0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C2 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluoranthenes/Pyrenes <0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C3 Fluorenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
C4 Fluoranthenes/Pyrenes «0.040 0.040 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Details/Parameters Result Qualifier D.L. Units Extracted Analyzed Batch 

L2152759-4  SP-1 

Sampled Ву: — AO/AJ on 23-AUG-18 @ 09:17 

Matrix: Sediment 
PAH & Alkylated PAH List 
Retene «0.010 0.010 mg/kg 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Acenaphthene 93.3 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d12-Chrysene 99.3 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d8-Naphthalene 91.4 50-140 % 28-AUG-18 | 30-AUG-18 | R4194849 
Surrogate: d10-Phenanthrene 92.1 50-140 % 28-AUG-18 | 30-AUG-18 | 84194849 


* Refer to Referenced Information for Qualifiers (if any) and Methodology. 
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Sample Parameter Qualifier Key: 
Qualifier Description 
DUP-H Duplicate results outside ALS DQO, due to sample heterogeneity. 
DUP-H,J Duplicate results outside ALS DQO, due to sample heterogeneity. Duplicate results and limits are expressed in terms of absolute 
difference. 
Test Method References: | 
ALS Test Code Matrix Test Description Method Reference** 
BTXS,F1-MEOH-ED Soil BTEX and F1 EPA 8260C/5021A and CWS PHC Tier 1 


This analysis involves the extraction of a subsample of the sediment/soil with methanol added in the field at the time of subsampling. The soil methanol 
extract is added to water and reagents, then heated in a sealed vial to equilibrium. The headspace from the vial is transferred into a gas 
chromatograph. BTX Target compound concentrations are measured using mass spectrometry detection. The instrumental portion of F1 analysis is 
carried out in accordance with the Canada Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 Method (2001). 


C-TIC-PCT-SK Soil Total Inorganic Carbon in Soil CSSS (2008) P216-217 


A known quantity of acetic acid is consumed by reaction with carbonates in the soil. The pH of the resulting solution is measured and compared against 
a standard curve relating pH to weight of carbonate. 


C-TOC-CALC-SK Soil Total Organic Carbon Calculation CSSS (2008) 21.2 


Total Organic Carbon (TOC) is calculated by the difference between total carbon (TC) and total inorganic carbon. (TIC) 


C-TOT-LECO-SK Soil Total Carbon by combustion method CSSS (2008) 21.2 


The sample is ignited in a combustion analyzer where carbon in the reduced CO2 gas is determined using a thermal conductivity detector. 


ETL-TVH,TEH-CCME-ED Soil CCME Total Hydrocarbons CCME CWS-PHC, Pub #1310, Dec 2001 


Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Reference Method for the CWS PHC. 
Hydrocarbon results are expressed on a dry weight basis. 


In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CWS PHC guidelines and 
the gravimetric heavy hydrocarbons cannot be added to the C6 to C50 hydrocarbons. 

In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes has 
been subtracted from F1. 


In samples where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2. F3-PAH 
represents a result where the sum of Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo(a,h)anthracene, 
Fluoranthene, Indeno(1,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3. 


Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range: 

1. All extraction and analysis holding times were met. 

2. Instrument performance showing response factors for C6 and C10 within 3096 of the response factor for toluene. 
3. Linearity of gasoline response within 15% throughout the calibration range. 


Unless otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges: 

1. All extraction and analysis holding times were met. 

2. Instrument performance showing C10, C16 and C34 response factors within 1096 of their average. 

3. Instrument performance showing the C50 response factor within 3096 of the average of the C10, C16 and C34 response factors. 
4. Linearity of diesel or motor oil response within 15% throughout the calibration range. 


F2-4-TMB-ED Soil CCME Total Extractable Hydrocarbons CCME CWS-PHC, Pub #1310, Dec 2001 


This analysis is carried out in accordance with the "Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in Soil - Tier 1 
Method, Canadian Council of Ministers of the Environment" For C10 to C50 hydrocarbons (F2, F3, F4) and gravimetric heavy hydrocarbons (F4G-sg), a 
subsample of the sediment/soil is extracted with 1:1 hexane:acetone using a rotary extractor. The extract undergoes a silica-gel clean-up to remove 
polar compounds. F2, ЕЗ & F4 are analyzed by on-column GC/FID, and F4G-sg is analyzed gravimetrically. 


Notes: 

1. F2 (C10-C16): Sum of all hydrocarbons that elute between nC10 and nC16. 

2. F3 (C16-C34): Sum of all hydrocarbons that elute between nC16 and nC34. 

3. F4 (C34-C50): Sum of all hydrocarbons that elute between nC34 and nC50. 

4. F4G: Gravimetric Heavy Hydrocarbons 

5. F4G-sg: Gravimetric Heavy Hydrocarbons (F4G) after silica gel treatment. 

6. Where F4 (C34-C50) and F4G-sg results are reported for a sample, the larger of the reported values is used for comparison against the relevant 
CCME standard for F4. 

7. The gravimetric heavy hydrocarbon results (F4G-sg), cannot be added to the C6 to C50 hydrocarbon results. 
8. This method is validated for use. 

9. Data from analysis of quality control samples is available upon request. 

10. Reported results are expressed as milligrams per dry kilogram. 


F4G-TMB-ED Soil CCME Gravimetric Heavy Hydrocarbons (SG) CCME CWS-PHC, Pub #1310, Dec 2001 
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CNUL9184 
de la Loi sur | acces, 21 Шер maton. 
Reference Information Version: FINAL 
Test Method References: | 
ALS Test Code Matrix Test Description Method Reference** 
HG-200.2-CVAA-ED Soil Mercury in Soil by CVAAS EPA 200.2/1631E (Mod) 
Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CVAAS. 
IC-CACO3-CALC-SK Soil Inorganic Carbon as CaCO3 Equivalent Calculation 
MET-200.2-CCMS-ED Soil Metals in Soil by CRC ICPMS EPA 200.2/6020A (mod) 


This method uses a heated strong acid digestion with НМОЗ and НС! and is intended to liberate metals that may be environmentally available. Silicate 
minerals are not solubilized. Dependent on sample matrix, some metals may be only partially recovered, including Al, Ba, Be, Cr, Sr, Ti, TI, V, W, and 
Zr. Volatile forms of sulfur (including sulfide) may not be captured, as they may be lost during sampling, storage, or digestion. Analysis is by 
Collision/Reaction Cell ICPMS. 


PAH-ALK-GCMS-CL Soil PAH & Alkylated PAH List EPA 3570/8270-GC/MS 


This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3570 & 8270, published by the 
United States Environmental Protection Agency (EPA). The procedure uses a mechanical shaking technique to extract a subsample of the 
sediment/soil with a 1:1 mixture of dichlomethane and acetone. The extract is then solvent exchanged to toluene. The final extract is analysed by 
capillary column gas chromatography with mass spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where 
interferences from the sample matrix prevent accurate quantitation. Because the two isomers cannot be readily chromatographically separated, 
benzo(j)fluoranthene is reported as part of the benzo(b)fluoranthene parameter. 


NOTE: The following PAH parameter results are determined by a semi-quantitative method. 


C1 B(a)A/chrysene 
C1B(b&kF/B(a)P 

C1 acenaphthene 

C1 biphenyl 
C1dibenzothiophene 

C1 fluoranthene/pyrene 
C1 fluorene 

C1 naphthalene 

C1 phenanthrene/anthracene 
C2 B(a)A/chrysene 

C2 b(b&k)F/b(a)P 

C2 biphenyl 

C2 dibenzothiophene 
C2 fluoranthene/pyrene 
C2 fluorene 

C2 naphtalene 

C2 phenanthrene/anth. 
C3 dibenzothiophene 
C3 fluorene 

C3 naphthalene 

C3 phenanthrene/anth. 
СА dibenzothiophene 
C4 naphthalene 

C4 phenanthrene/anth. 


PREP-MOISTURE-ED Soil % Moisture А Oven dry 105C-Gravimetric 

The weighed portion of soil is placed in a 105 C oven to dry to a constant weight; the drying time will vary based on the moisture content of the soil. The 
dried soil weight is then used to calculate % moisture. 

Reference: ASTM D2974-00. 

PSA-1-ED Soil Particle Size CSSS 55.3-Hydrometer 


Soil samples are oven dried, ground to pass a 2 mm sieve , and soaked in Calgon solution for a minimum of 16 hours. Soil suspensions are measured 
for particle size by distribution using a hydrometer after specified settling times. 


PSA-3-SK Soil Particle size - Pipette removal OM & CO3 Forestry Canada (1991) p. 46-53 


Dry, < 2 mm soil is treated hydrochloric acid top remove carbonates, then hydrogen peroxide to remove organic matter. The remaining soil is treated 
with sodium hexametaphosphate to ensure complete dispersion of primary soil particles. The homogenized suspension is allowed to settle in 
accordance with Stoke's Law so that only clay particles remain in suspension.To determine the clay fraction, an aliquot of the clay suspension is 
removed, then dried and weighed. The sand fraction is determined by wet sieving the remaining suspension, then drying and weighing the sand retained 
on the sieve. The silt fraction is determined by calculation where % Silt = 100 - (%Запа+%Сіау) 


** ALS test methods may incorporate modifications from specified reference methods to improve performance. 


The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below: 
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Reference Information Version: FINAL 
Test Method References: 

ALS Test Code Matrix Test Description Method Reference** 

Laboratory Definition Code Laboratory Location | 

SK ALS ENVIRONMENTAL - SASKATOON, SASKATCHEWAN, CANADA 

ED ALS ENVIRONMENTAL - EDMONTON, ALBERTA, CANADA 


CL ALS ENVIRONMENTAL - CALGARY, ALBERTA, CANADA 


Chain of Custody Numbers: 


GLOSSARY OF REPORT TERMS 

Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For 
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there. 

mg/kg - milligrams per kilogram based on dry weight of sample 

mg/kg wwt - milligrams per kilogram based on wet weight of sample 

mg/kg Iwt - milligrams per kilogram based on lipid-adjusted weight 

mg/L - unit of concentration based on volume, parts per million. 

« -Less than. 

D.L. - The reporting limit. 

N/A - Result not available. Refer to qualifier code and definition for explanation. 


Test results reported relate only to the samples as received by the laboratory. 
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION. 
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review. 
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AUS 
E€nuironmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 1 of 12 
Client: Hatfield Consultants 


200 - 850 Harbourside Drive 
North Vancouver BC V7P 0A3 


Contact: Chris Jaeggle/Andrew O'Gorman 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
BTXS,F1-MEOH-ED Soil 
Batch R4175505 
WG2859725-4 DUP L2152759-1 
Benzene <0.0050 <0.0050 RPD-NA mg/kg N/A 30 28-AUG-18 
Toluene <0.050 <0.050 RPD-NA mg/kg МА 30 28-AUG-18 
Ethylbenzene <0.010 <0.010 RPD-NA mg/kg N/A 30 28-AUG-18 
m+p-Xylene <0.050 <0.050 RPD-NA mg/kg N/A 30 28-AUG-18 
o-Xylene <0.050 <0.050 RPD-NA mg/kg N/A 30 28-AUG-18 
WG2859725-2 LCS 
Benzene 81.0 % 70-130 28-AUG-18 
Toluene 80.9 % 70-130 28-AUG-18 
Ethylbenzene 91.2 % 70-130 28-AUG-18 
m+p-Xylene 88.0 % 70-130 28-AUG-18 
o-Xylene 90.0 % 70-130 28-AUG-18 
WG2859725-1 MB 
Benzene <0.0050 mg/kg 0.005 28-AUG-18 
Toluene <0.050 mg/kg 0.05 28-AUG-18 
Ethylbenzene <0.010 mg/kg 0.01 28-AUG-18 
m+p-Xylene <0.050 mg/kg 0.05 28-AUG-18 
o-Xylene <0.050 mg/kg 0.05 28-AUG-18 
Surrogate: 1,4-Difluorobenzene (SS) 97.6 % 70-130 28-AUG-18 
Surrogate: 4-Bromofluorobenzene (SS) 92.7 % 70-130 28-AUG-18 
Surrogate: 3,4-Dichlorotoluene (SS) 101.3 % 70-130 28-AUG-18 
WG2859725-5 MS L2152759-4 
Benzene 115.7 % 50-140 28-AUG-18 
Toluene 114.7 % 50-140 28-AUG-18 
Ethylbenzene 125.2 % 50-140 28-AUG-18 
m+p-Xylene 119.1 % 50-140 28-AUG-18 
o-Xylene 122.6 % 50-140 28-AUG-18 
C-TIC-PCT-SK Soil 
Batch R4198789 
WG2862850-2 LCS 
Inorganic Carbon 100.5 % 80-120 04-SEP-18 
WG2862850-3 MB 
Inorganic Carbon <0.050 % 0.05 04-SEP-18 
C-TOT-LECO-SK Soil 
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ALS 


Environmental 


Test 


C-TOT-LECO-SK 


Batch R4196285 
WG2863537-2 IRM 
Total Carbon by Combustion 


WG2863537-5 LCS 
Total Carbon by Combustion 


WG2863537-4 MB 


Total Carbon by Combustion 


F2-4-TMB-ED 


Batch R4183383 
WG2859820-3 IRM 


F2 (C10-C16) 
F3 (C16-C34) 
F4 (C34-C50) 


WG2859820-2 LCS 


F2 (C10-C16) 
F3 (C16-C34) 
F4 (C34-C50) 


WG2859820-1 MB 
F2 (C10-C16) 


F3 (C16-C34) 
F4 (C34-C50) 


Surrogate: 2-Bromobenzotrifluoride 


F4G-TMB-ED 


Batch R4183957 


WG2860549-2 ІКМ 
Gravimetric Heavy Hydrocarbons (Silica) 


WG2860549-1 MB 


Gravimetric Heavy Hydrocarbons (Silica) 


HG-200.2-CVAA-ED 


Batch R4196180 
WG2865981-3 CRM 
Mercury (Hg) 
WG2865981-4 DUP 
Mercury (Hg) 
WG2865981-2 LCS 
Mercury (Hg) 
WG2865981-1 MB 
Mercury (Hg) 


Reference 


08-109 SOIL 


SULFADIAZINE 


ALS PHC2 RM 


Result Qualifier 


94.9 


97.8 


<0.05 


85.2 
95.4 
97.0 


DIESEL/MOTOR OIL 


ALS PHC2 RM 


TILL-1 SOIL 


L2152759-3 
<0.0050 


104.0 
113.4 
110.8 


<20 
<20 
<20 
88.1 


127.1 


<500 


93.1 


<0.0050 RPD-NA 


109.0 


<0.0050 


Quality Control Report 
Workorder: L2152759 


Units 


% 


% 


% 


% 
% 
% 


% 
% 
% 


mg/kg 
mg/kg 


mg/kg 
% 


% 


mg/kg 


% 


mg/kg 


% 


mg/kg 


Report Date: 10-SEP-18 


RPD 


N/A 


Page 2 of 12 
Limit Analyzed 
80-120 01-SEP-18 
90-110 01-SEP-18 
0.05 01-SEP-18 
70-130 25-AUG-18 
70-130 25-AUG-18 
70-130 25-AUG-18 
70-130 25-AUG-18 
70-130 25-AUG-18 
70-130 25-AUG-18 
20 25-AUG-18 
20 25-AUG-18 
20 25-AUG-18 
70-130 25-AUG-18 
70-130 27-AUG-18 
500 27-AUG-18 
70-130 01-SEP-18 
40 01-SEP-18 
70-130 01-SEP-18 
0.005 01-SEP-18 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l’accès à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: 12152759 Report Date: 10-SEP-18 Page 3 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R4196800 
WG2865981-3 CRM TILL-1 SOIL 
Aluminum (Al) 105.7 % 70-130 03-SEP-18 
Antimony (Sb) 112.0 % 70-130 03-SEP-18 
Arsenic (As) 107.2 % | 70-130 03-SEP-18 
Barium (Ba) 103.0 % 70-130 03-SEP-18 
Beryllium (Be) 110.7 % 70-130 03-SEP-18 
Bismuth (Bi) ; 105.8 % 70-130 03-SEP-18 
Boron (B) 3.8 mg/kg 0-8.2 03-SEP-18 
Cadmium (Cd) 105.0 % 70-130 03-SEP-18 
Calcium (Ca) 103.7 % 70-130 03-SEP-18 
Chromium (Cr) 106.8 % 70-130 03-SEP-18 
Cobalt (Co) 106.7 % 70-130 03-SEP-18 
Copper (Cu) 108.0 % 70-130 03-SEP-18 
Iron (Fe) 103.9 % 70-130 03-SEP-18 
Lead (Pb) 107.1 % 70-130 03-SEP-18 
Lithium (Li) 111.1 % 70-130 03-SEP-18 
Magnesium (Mg) 105.5 % 70-130 03-SEP-18 
Manganese (Mn) 102.4 % 70-130 03-SEP-18 
Molybdenum (Mo) 107.6 % 70-130 03-SEP-18 
Nickel (Ni) 106.9 % 70-130 03-SEP-18 
Phosphorus (P) 104.4 % 70-130 03-SEP-18 
Potassium (K) 104.7 % 70-130 03-SEP-18 
Selenium (Se) 0.36 mg/kg 0.11-0.51 03-SEP-18 
Silver (Ag) 0.26 mg/kg 0.13-0.33 03-SEP-18 
Sodium (Na) 104.0 % 70-130 03-SEP-18 
Strontium (Sr) 104.2 % 70-130 03-SEP-18 
Thallium (TI) 0.128 mg/kg 0.077-0.18 03-SEP-18 
Tin (Sn) 1.0 mg/kg 0-3.1 03-SEP-18 
Titanium (Ti) 98.4 % 70-130 03-SEP-18 
Tungsten (W) 0.16 mg/kg 0-0.66 03-SEP-18 
Uranium (0) 115.1 % 70-130 03-SEP-18 
Vanadium (V) 106.0 % 70-130 03-SEP-18 
Zinc (Zn) 106.7 % 70-130 03-SEP-18 
Zirconium (Zr) 0.9 mg/kg 0-1.8 03-SEP-18 
WG2865981-4 DUP L2152759-3 | 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


ALS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 4 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R4196800 

WG2865981-4 DUP L2152759-3 

Aluminum (Al) 394 465 mg/kg 17 40 03-SEP-18 
Antimony (Sb) <0.10 <0.10 RPD-NA mg/kg N/A 30 03-SEP-18 
Arsenic (As) 0.36 0.42 mg/kg 15 30 03-SEP-18 
Barium (Ba) 5.63 6.41 mg/kg 13 40 03-SEP-18 
Вегуйит (Be) <0.10 <0.10 RPD-NA mg/kg N/A 30 03-SEP-18 
Bismuth (Bi) «0.20 «0.20 RPD-NA mg/kg N/A 30 03-SEP-18 
Boron (B) «5.0 «5.0 RPD-NA mg/kg N/A 30 03-SEP-18 
Cadmium (Cd) «0.020 «0.020 RPD-NA mg/kg N/A 30 03-SEP-18 
Calcium (Ca) 3070 3080 mg/kg 0.2 30 03-SEP-18 
Chromium (Cr) 1.07 1.54 J mg/kg 0.47 1 03-SEP-18 
Cobalt (Co) 0.42 0.51 mg/kg 20 30 03-SEP-18 
Copper (Cu) 0.58 0.66 mg/kg 12 30 03-SEP-18 
Iron (Fe) 1060 1960 DUP-H mg/kg 59 30 03-SEP-18 
Lead (Pb) 0.72 0.78 mg/kg 7.3 40 03-SEP-18 
Lithium (Li) «2.0 «2.0 RPD-NA mg/kg N/A 30 03-SEP-18 
Magnesium (Mg) 960 850 mg/kg 12 30 03-БЕР-18 
Мапдапезе (Мп) 36.6 42.3 mg/kg 14 30 03-SEP-18 
Molybdenum (Mo) <0.10 <0.10 RPD-NA mg/kg N/A 40 03-SEP-18 
Nickel (Ni) 1.01 1.24 mg/kg 20 30 03-SEP-18 
Phosphorus (P) <50 <50 RPD-NA mg/kg N/A 30 03-SEP-18 
Potassium (K) «100 «100 RPD-NA mg/kg N/A 40 03-SEP-18 
Selenium (Se) «0.20 «0.20 RPD-NA mg/kg N/A 30 03-SEP-18 
Silver (Ag) «0.10 «0.10 RPD-NA mg/kg N/A 40 03-SEP-18 
Sodium (Na) «50 «50 RPD-NA mg/kg N/A 40 03-SEP-18 
Strontium (Sr) 8.82 9.53 mg/kg 7.8 40 03-SEP-18 
Sulfur (S) «1000 «1000 RPD-NA mg/kg N/A 30 03-SEP-18 
Thallium (TI) <0.050 <0.050 RPD-NA mg/kg N/A 30 03-SEP-18 
Tin (Sn) «2.0 «2.0 RPD-NA mg/kg N/A 40 03-SEP-18 
Titanium (Ti) 15.6 22.6 mg/kg 36 40 03-SEP-18 
Tungsten (W) «0.50 «0.50 RPD-NA mg/kg N/A 30 03-SEP-18 
Uranium (U) 0.070 0.087 mg/kg 22 30 03-SEP-18 
Vanadium (V) 1.47 2.12 DUP-H mg/kg 36 30 03-SEP-18 
Zinc (Zn) «2.0 22 RPD-NA mg/kg N/A 30 03-SEP-18 
Zirconium (Zr) 1.1 1.4 mg/kg 24 30 03-SEP-18 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 5 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R4196800 
WG2865981-2 LCS 
Aluminum (Al) 102.3 % 80-120 03-SEP-18 
Antimony (Sb) 107.5 % 80-120 03-SEP-18 
Arsenic (As) 105.6 % 80-120 03-SEP-18 
Barium (Ba) 104.0 % 80-120 03-SEP-18 
Beryllium (Be) 99.9 % 80-120 03-SEP-18 
Bismuth (Bi) 111.2 % 80-120 03-SEP-18 
Boron (B) 93.9 % 80-120 03-SEP-18 
Cadmium (Cd) 102.8 % 80-120 03-SEP-18 
Calcium (Ca) 98.8 % 80-120 03-SEP-18 
Chromium (Cr) 102.6 % 80-120 03-SEP-18 
Cobalt (Co) 102.5 % 80-120 03-SEP-18 
Copper (Cu) 99.9 % 80-120 03-БЕР-18 
Iron (Ее) 99.8 % 80-120 03-SEP-18 
Lead (Pb) 102.3 % 80-120 03-SEP-18 
Lithium (Li) 96.2 % 80-120 03-SEP-18 
Magnesium (Mg) 103.4 % 80-120 03-SEP-18 
Manganese (Mn) 100.9 % 80-120 03-БЕР-18 
Molybdenum (Мо) 102.7 % 80-120 03-SEP-18 
Nickel (Ni) 102.7 % 80-120 03-SEP-18 
Phosphorus (P) 106.9 % 80-120 03-SEP-18 
Potassium (K) 106.1 % 80-120 03-SEP-18 
Selenium (Se) 107.6 % 80-120 03-SEP-18 
Silver (Ag) 111.7 % 80-120 03-SEP-18 
Sodium (Na) 107.6 % 80-120 03-SEP-18 
Strontium (Sr) 99.0 % 80-120 03-SEP-18 
Sulfur (S) 101.4 % 80-120 03-SEP-18 
Thallium (TI) 101.8 96 80-120 03-SEP-18 
Tin (Sn) 101.0 % 80-120 03-SEP-18 
Titanium (Ti) 95.2 % 80-120 03-SEP-18 
Tungsten (W) 103.1 % 80-120 03-SEP-18 
Uranium (U) 106.9 % 80-120 03-SEP-18 
Vanadium (V) 104.4 % 80-120 03-SEP-18 
Zinc (Zn) 101.0 % 80-120 03-SEP-18 
Zirconium (Zr) 99.3 % 80-120 03-SEP-18 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 6 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
MET-200.2-CCMS-ED Soil 
Batch R4196800 

WG2865981-1 MB 

Aluminum (Al) «50 mg/kg 50 03-SEP-18 
Antimony (Sb) «0.10 mg/kg 0.1 03-SEP-18 
Arsenic (As) «0.10 mg/kg 0.1 03-SEP-18 
Barium (Ba) «0.50 mg/kg 0.5 03-SEP-18 
Beryllium (Be) «0.10 mg/kg 0.1 03-SEP-18 
Bismuth (Bi) «0.20 mg/kg 0.2 03-SEP-18 
Boron (B) «5.0 mg/kg 5 03-SEP-18 
Cadmium (Cd) «0.020 mg/kg 0.02 03-SEP-18 
Calcium (Ca) «50 mg/kg 50 03-SEP-18 
Chromium (Cr) «0.50 mg/kg 0.5 03-SEP-18 
Cobalt (Co) «0.10 mg/kg 0.1 03-SEP-18 
Copper (Cu) «0.50 mg/kg 0.5 03-SEP-18 
Iron (Fe) «50 mg/kg 50 03-SEP-18 
Lead (Pb) «0.50 mg/kg 0.5 03-SEP-18 
Lithium (Li) «2.0 mg/kg 2 03-SEP-18 
Magnesium (Mg) «20 mg/kg 20 03-SEP-18 
Manganese (Mn) «1.0 mg/kg 1 03-SEP-18 
Molybdenum (Mo) «0.10 mg/kg 0.1 03-SEP-18 
Nickel (Ni) «0.50 mg/kg 0.5 03-SEP-18 
Phosphorus (P) «50 mg/kg 50 03-SEP-18 
Potassium (K) «100 mg/kg 100 03-SEP-18 
Selenium (Se) «0.20 mg/kg 0.2 03-SEP-18 
Silver (Ag) <0.10 mg/kg 0.1 03-SEP-18 
Sodium (Na) <50 mg/kg 50 03-SEP-18 
Strontium (Sr) <0.50 mg/kg 0.5 03-SEP-18 
Sulfur (S) <1000 mg/kg 1000 03-SEP-18 
Thallium (TI) «0.050 mg/kg 0.05 03-SEP-18 
Tin (Sn) «2.0 mg/kg 2 03-SEP-18 
Titanium (Ti) «1.0 mg/kg 1 03-SEP-18 
Tungsten (W) «0.50 mg/kg 0.5 03-SEP-18 
Uranium (U) «0.050 mg/kg 0.05 03-SEP-18 
Vanadium (V) «0.20 mg/kg 0.2 03-SEP-18 
Zinc (Zn) «2.0 mg/kg 2 03-SEP-18 
Zirconium (Zr) «1.0 mg/kg 1 03-SEP-18 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 7 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PAH-ALK-GCMS-CL Soil 
Batch R4194849 
WG2864728-1 LCS 
Acenaphthene 82.4 % 60-130 30-AUG-18 
Acenaphthylene 81.5 % 60-130 30-AUG-18 
Acridine 73.3 % 60-130 30-AUG-18 
Anthracene 66.0 % 60-130 30-AUG-18 
Benz(a)anthracene 79.6 % 60-130 30-AUG-18 
Benzo(a)pyrene 81.8 60-130 30-AUG-18 
Perylene 84.3 % 60-130 30-AUG-18 
Benzo(e)pyrene 82.1 % 60-130 30-AUG-18 
Benzo(b&j)fluoranthene 79.5 % 60-130 30-AUG-18 
Benzo(k)fluoranthene 82.8 % 60-130 30-AUG-18 
Benzo(g,h,i)perylene 95.5 % 60-130 30-AUG-18 
Biphenyl 77.8 % 60-130 30-AUG-18 
C2 sub'd B(a)A/chrysene 83.4 % 50-150 30-AUG-18 
C2 Benzofluoranthenes/Benzopyrenes 79.5 % 50-150 30-AUG-18 
C2 Biphenyls 77.8 % 50-150 30-AUG-18 
C2 Dibenzothiophenes 70.5 % 50-150 30-AUG-18 
C2 Fluorenes 74.6 % 50-150 30-AUG-18 
C2 Naphthalenes 91.5 % 50-150 30-AUG-18 
C2 Phenanthrenes/Anthracenes 66.1 % 50-150 30-AUG-18 
C3 Dibenzothiophenes 70.5 % 50-150 30-AUG-18 
C3 Naphthalenes 91.5 % 50-150 30-AUG-18 
C3 Phenanthrenes/Anthracenes 66.1 % 50-150 30-AUG-18 
C4 Dibenzothiophenes 70.5 50-150 30-AUG-18 
C4 Naphthalenes 91.5 % 50-150 30-AUG-18 
C4 Phenanthrenes/Anthracenes 66.1 % 50-150 30-AUG-18 
C3 Benzanthracenes/Chrysenes 83.4 % 50-150 30-AUG-18 
C4 Benzanthracenes/Chrysenes 83.4 % 50-150 30-AUG-18 
Chrysene 83.4 60-130 30-AUG-18 
Dibenz(a,h)anthracene 91.8 % 60-130 30-AUG-18 
Dibenzothiophene 70.5 % 60-130 30-AUG-18 
Fluoranthene 78.7 % 60-130 30-AUG-18 
Fluorene 74.6 % 60-130 30-AUG-18 
Indeno(1,2,3-cd)pyrene 93.3 % 60-130 30-AUG-18 
C1 Benz(a)Anthracenes/Chrysenes 83.4 % 60-130 30-AUG-18 
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Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l’accès à l'information. 


AUS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 8 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PAH-ALK-GCMS-CL Soil 
Batch R4194849 
WG2864728-1 LCS 
C1 Benzofluoranthenes/Benzopyrenes 79.5 % 60-130 30-AUG-18 
C1 Acenaphthenes 824 % 60-130 30-AUG-18 
C1 Biphenyls 778 % 60-130 30-AUG-18 
C1 Dibenzothiophenes 70.5 % 60-130 30-AUG-18 
C1 Fluoranthenes/Pyrenes 78.7 % 60-130 30-AUG-18 
C1 Fluorenes 746 % 60-130 30-AUG-18 
1-Methylnaphthalene 85.1 96 50-130 30-AUG-18 
2-Methylnaphthalene 83.8 % 50-130 30-АОС-18 
C1 Phenanthrenes/Anthracenes 66.1 % 60-130 30-AUG-18 
Naphthalene 91.5 % 50-130 30-AUG-18 
Phenanthrene 66.1 % 60-130 30-AUG-18 
Pyrene 78.6 % 60-130 30-AUG-18 
Quinoline 87.0 % 60-130 30-AUG-18 
C2 Fluoranthenes/Pyrenes 78.7 % 50-150 30-AUG-18 
C3 Fluoranthenes/Pyrenes 78.7 % 50-150 30-AUG-18 
C3 Fluorenes 74.6 % 50-150 30-AUG-18 
C4 Fluoranthenes/Pyrenes 78.7 % 50-150 30-AUG-18 
Retene 82.2 % 60-130 30-AUG-18 
WG2864728-2 MB 
Acenaphthene <0.0050 mg/kg 0.005 30-AUG-18 
Acenaphthylene <0.0050 mg/kg 0.005 30-AUG-18 
Acridine <0.010 mg/kg 0.01 30-AUG-18 
Anthracene <0.0040 mg/kg 0.004 30-AUG-18 
Benz(a)anthracene <0.010 mg/kg 0.01 30-AUG-18 
Benzo(a)pyrene <0.010 mg/kg 0.01 30-AUG-18 
Perylene «0.010 mg/kg 0.01 30-AUG-18 
Benzo(e)pyrene «0.010 mg/kg 0.01 30-AUG-18 
Benzo(b&j)fluoranthene «0.010 mg/kg 0.01 30-AUG-18 
Benzo(k)fluoranthene «0.010 mg/kg 0.01 30-AUG-18 
Benzo(g,h,i)perylene <0.010 mg/kg 0.01 30-AUG-18 
Biphenyl <0.010 mg/kg 0.01 30-AUG-18 
C2 sub'd B(a)A/chrysene <0.040 mg/kg 0.04 30-AUG-18 
C2 Benzofluoranthenes/Benzopyrenes <0.040 mg/kg 0.04 30-AUG-18 
C2 Biphenyls «0.040 mg/kg 0.04 30-AUG-18 
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AUS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 9 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PAH-ALK-GCMS-CL Soil 
Batch R4194849 
WG2864728-2 MB 
C2 Dibenzothiophenes <0.040 mg/kg 0.04 30-AUG-18 
C2 Fluorenes <0.040 mg/kg 0.04 30-AUG-18 
C2 Naphthalenes <0.040 mg/kg 0.04 30-AUG-18 
C2 Phenanthrenes/Anthracenes <0.040 mg/kg 0.04 30-AUG-18 
C3 Dibenzothiophenes <0.040 mg/kg 0.04 30-AUG-18 
C3 Naphthalenes <0.040 mg/kg 0.04 30-AUG-18 
C3 Phenanthrenes/Anthracenes <0.040 mg/kg 0.04 30-AUG-18 
C4 Dibenzothiophenes <0.040 mg/kg 0.04 30-AUG-18 
C4 Naphthalenes <0.040 mg/kg 0.04 30-AUG-18 
C4 Phenanthrenes/Anthracenes <0.040 mg/kg 0.04 30-AUG-18 
C3 Benzanthracenes/Chrysenes <0.040 mg/kg 0.04 30-AUG-18 
C4 Benzanthracenes/Chrysenes <0.040 mg/kg 0.04 30-AUG-18 
Chrysene <0.010 mg/kg 0.01 30-AUG-18 
Dibenz(a,h)anthracene <0.0050 mg/kg 0.005 30-AUG-18 
Dibenzothiophene <0.010 mg/kg 0.01 30-AUG-18 
Fluoranthene <0.010 mg/kg 0.01 30-AUG-18 
Fluorene <0.010 mg/kg 0.01 30-AUG-18 
Indeno(1,2,3-cd)pyrene <0.010 mg/kg 0.01 30-AUG-18 
C1 Benz(a)Anthracenes/Chrysenes <0.040 mg/kg 0.04 30-AUG-18 
C1 Benzofluoranthenes/Benzopyrenes <0.040 mg/kg 0.04 30-AUG-18 
C1 Acenaphthenes <0.040 mg/kg 0.04 30-AUG-18 
C1 Biphenyls «0.040 mg/kg 0.04 30-AUG-18 
C1 Dibenzothiophenes «0.040 mg/kg 0.04 30-AUG-18 
C1 Fluoranthenes/Pyrenes «0.040 mg/kg 0.04 30-AUG-18 
C1 Fluorenes «0.040 mg/kg 0.04 30-AUG-18 
1-Methylnaphthalene «0.010 mg/kg 0.01 30-AUG-18 
2-Methylnaphthalene «0.010 mg/kg 0.01 30-AUG-18 
C1 Phenanthrenes/Anthracenes «0.040 mg/kg 0.04 30-AUG-18 
Naphthalene «0.010 mg/kg 0.01 30-AUG-18 
Phenanthrene «0.010 mg/kg 0.01 30-AUG-18 
Pyrene «0.010 mg/kg 0.01 30-AUG-18 
Quinoline «0.010 mg/kg 0.01 30-AUG-18 
C2 Fluoranthenes/Pyrenes «0.040 mg/kg 0.04 30-AUG-18 
C3 Fluoranthenes/Pyrenes «0.040 mg/kg 0.04 30-AUG-18 
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ALS 
Environmental 
Quality Control Report 
Workorder: L2152759 Report Date: 10-SEP-18 Page 10 of 12 
Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
PAH-ALK-GCMS-CL Soil 
Batch R4194849 
WG2864728-2 MB 
C3 Fluorenes <0.040 mg/kg 0.04 30-AUG-18 
C4 Fluoranthenes/Pyrenes <0.040 mg/kg 0.04 30-AUG-18 
Retene <0.010 mg/kg 0.01 30-AUG-18 
Surrogate: d10-Acenaphthene 92.5 % 50-140 30-AUG-18 
Surrogate: d12-Chrysene 92.3 % 50-140 30-AUG-18 
Surrogate: d8-Naphthalene 106.8 % 50-140 30-AUG-18 
Surrogate: d10-Phenanthrene 80.7 % 50-140 30-AUG-18 
PREP-MOISTURE-ED Soil 
Batch R4183066 
WG2859912-2 LCS 
% Moisture 100.2 % 90-110 25-AUG-18 
WG2859912-1 MB 
% Moisture <0.50 % 0.5 25-AUG-18 
PSA-1-ED Soil 
Batch R4192391 
WG2862077-2 IRM SALINITY SOIL6 
% Sand 40.4 % 36.4-464  29-AUG-18 
% Silt 32.4 % 26.4-36.4  29-AUG-18 
% Clay 27.2 % 22.1-32.1 29-AUG-18 
WG2862077-1 MB 
% Sand <1.0 % 1 29-AUG-18 
% Silt <1.0 % 1 29-AUG-18 
% Clay <1.0 % 1 29-AUG-18 
PSA-3-SK Soil 
Batch R4205338 
WG2862868-1 DUP L2152759-3 
% Sand (2.0mm - 0.05mm) 96.9 96.9 J % 0.0 10 07-SEP-18 
% Silt (0.05mm - ит) 2.6 2.3 Ј % 0.3 10 07-SEP-18 
% Clay (<2um) <1.0 <1.0 RPD-NA % N/A 10 07-SEP-18 
WG2862868-2 IRM 2017-PSA 
% Sand (2.0mm - 0.05mm) 50.2 % 38-58 07-SEP-18 
% Silt (0.05mm - Хит) 42.4 % 25-45 07-SEP-18 
% Clay (<2um) 74 % 7-27 07-SEP-18 
WG2862868-3 MB 
% Sand (2.0mm - 0.05mm) 99.9 % 105 07-SEP-18 
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Quality Control Report 


Workorder: L2152759 Report Date: 10-SEP-18 Page 11 of 12 

Reference Result Qualifier Units RPD Limit Analyzed 
«1.0 % 1 07-ЗЕР-18 
<1.0 % 1 07-SEP-18 
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Document Released Under the Access to 


Information Act / Document divulgué en vertu 


Quality Control Reportie la Loi sur l'accès à l'information. 


Workorder: 12152759 Report Date: 10-SEP-18 Page 12 of 12 


Limit ALS Control Limit (Data Quality Objectives) 
DUP Duplicate 

RPD Relative Percent Difference 

N/A Not Available 

LCS Laboratory Control Sample 

SRM Standard Reference Material 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

ADE Average Desorption Efficiency 

MB Method Blank 

IRM Internal Reference Material 

CRM Certified Reference Material 

CCV Continuing Calibration Verification 
CVS Calibration Verification Standard 
LCSD Laboratory Control Sample Duplicate 


Sample Parameter Qualifier Definitions: 


Qualifier Description 

DUP-H Duplicate results outside ALS DQO, due to sample heterogeneity. 

J Duplicate results and limits are expressed in terms of absolute difference. 

RPD-NA Relative Percent Difference Not Available due to result(s) being less than detection limit. 


Hold Time Exceedances: 


АП test results reported with this submission were conducted within ALS recommended hold times. 


ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government 
requirements. In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS. 


The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met. Each QC result has a known or expected target value, which is compared against pre- 
determined data quality objectives to provide confidence in the accuracy of associated test results. 


Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order. 
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Chrom Perfect Chromatogram Report 


Hydrocarbon Distribution Report 


AUS 


ALS Sample ID: L2152759-1 
Client ID: PZ-1 
300 
280 4 
260 – 
2404 
220 – 
200 4 
г 180- 
5 | 
= 
= 160- 
E 
С 140- 
8 
9 | 
© 420- 
100 – 
804 
60 — 
40- 
20- 
0 Т т Т J T Џ T LT T T T T T T К Т T 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Time - Minutes 
< F2 >+ ЕЗ------->5>4-- F4 —— rF 
nc10 nC16 псз4 ncso 
174°C 287°C 481°C 575°C 
346°F 549°F 898°F 1067°F 
<— Gasoline -----> <— Motor Oils/ Lube Oils/ Grease ----> 
Diesel/ Jet Fuels — —————5 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 27/08/2018 3:24:33 PM Page 1 of 2 
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Chrom Perfect Chromatogram Report 


Printed on 27/08/2018 3:24:33 PM Page 2 of 2 
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Chrom Perfect Chromatogram Report 


Hydrocarbon Distribution Report 


ALS Sample ID: L2152759-2 
Client ID: IC-1 
300 = 
280 - 
260 - 
240 – 
220 - 
200 - 
а 1804 
5 | 
= 
= 160- 
8 
С 1404 
8 
9 
* 120- 
100 4 
80 4 
60 — 
40- 
20 - 
0 Т Ыы Т М T T T Т Т Ы Т T T Т Т Џ T Ly 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Time - Minutes 
я F2 > 4 ЕЗ ——————————4———— 4-4 
nC10 nC16 nC34 ncso 
174°C 287°C 481°C 575°C 
346°F 549°F 898°F 1067°F 
<— Gasoline — — —» <— Motor Oils/ Lube Oils/ Grease ----> 
Diesel/ Jet Fuels — —» 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 27/08/2018 3:24:36 PM Page 1 of 2 
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Chrom Perfect Chromatogram Report 
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001327 


Document Released Under the Access to 
Information Act / Document divulgué en vertu 
de la Loi sur l'accés à l'information. 


Chrom Perfect Chromatogram Report 


Hydrocarbon Distribution Report 


ALS Sample ID: L2152759-3 
Client ID: LZ-COMP 
300 
280 - 
260 — 
240 - 
220 - 
200 - 
а 180 - 
5 
> 
= 160- 
8 
€ 140- 
5 0 
$ 
© 120- 
100 4 
80 – 
60 - 
40 – 
20 - 
0=== T T T T т T т T т T T T т T т | — 
15 2.0 2.5 3.0 3.5 4.0 45 5.0 5.5 6.0 
Time - Minutes 
я-- F2 > ЕЗ — 4 F4 47-4 
nc10 nc16 nc34 nc5o 
174°C 287°C 481°C 575°С 
346°F 549°F 898°F 1067°F 
<— Gasoline > | Е Motor Oils/ Lube Oils/ Grease — 
Diesel/ Jet Fuels — Б,ШІ.,-Ҡ> 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 27/08/2018 3:24:39 PM Page 1 of 2 
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Chrom Perfect Chromatogram Report 


Printed on 27/08/2018 3:24:39 PM Page 2 of 2 
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Chrom Perfect Chromatogram Report 


Hydrocarbon Distribution Report 


ALS Sample ID: L2152759-4 
Client ID: SP-1 
300 
280 – 
260 – 
240 - 
220 – 
200 – 
г 180- 
5 | 
= 
= 160- 
8 
с 1404 
8 
2 1 
€ 120- 
100 4 
80 - 
60 4 
404 
20 + 
0-— T T т T т Т т T т Т ' T < т T T 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Time - Minutes 
< F2 P4 ЕЗ — 4 24 —— —— — —h 4«——F4—» 
nC10 пс16 nC34 nC50 
174°C 287°C 481°C 575°C 
346°F 549°F 898°F 1067°F 
<— Gasoline <—— Motor Oils/ Lube Oils/ Grease — 
Diesel/ Jet Fuels — > 
The Canada Wide Standard Hydrocarbon Distribution Report is intended to assist you in characterizing 
hydrocarbon products that may be present in your sample. The scale at the bottom of the chromatogram 
indicates the approximate retention times of common petroleum products as well as a number of 
specified n-alkane hydrocarbon marker compounds. Comparison of this report with those of reference 
standards may also assist in characterizing hydrocarbons present in the sample. 
Peak heights in this report are a function of the sample concentration, the sample amount extracted, 
the sample dilution factor, and the scale at left. 
Note: 
This chromatogram was produced with a high temperature GC method that is specific to the Canada-Wide 
Standard method. Note that retention times and distribution profiles from reports produced using 
different GC programs will differ. 
Printed on 27/08/2018 3:24:42 PM Page 1 of 2 
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Hatfield 


CONSULTANTS 


Location and Purpose: 


Station IC-1 (Inlet Channel), looking 7” 
upstream from the Lake. The ССЕС 
camera is in the behind the statjdn 6» © 


КЕР 


Approximate Scale 10 


a 


от 


iut 


Hydrometric Staton ^ 


lh = 


Revised: 26 February 2019 


à EURE, * 
Station IC-1 (Inlet Changelpjooking 

cross channel-and towards thé Таке 
The CCFC camera is to the right of the 


station. 


Mrs. T's Lake & Inlet Channel 


Established to monitor discharge inputs from Muskeg River, along the Inlet Channel, to Mrs. T's Lake, as well as the water levels on the Lake. The purpose of this station is to 
monitor diversions from the Muskeg River, provide data to calculate water balances for the Lake, and to provide insight into fish habitat and fish passage both in the Lake, and 
between the Muskeg River. The station is located approximately 4 km NW of the CNRL Albian Village camp. Operation of this station started in 2016 


| 
Musker River 1 


ІС-1 


Pressure uw 


| CCFC camera 


+. 
~ 

Station IC- + 

enclosure | 


enclosure/ H 
solar panel / 


Mrs. T's Lake 


IC1/LL-1 


Station Information 
Sheet 


Station Details 
[Variables Measured: 


Period of Record: June 2016 to present 


Discharge, water level, water temperature 


Station Operation: [Year Round 
Truck ма CNRL Jackpine Mine - IOL Road, 
Boat from picnic area to station 
N/A 

_ 1472096 E, 6347404 М (NAD83) 
56°14'8" М, 111°27'45" W (NAD83 


The channel is approx. 5 m wide, with 
trapezoidal edges. The bed substrate is 
comprised of cobbles. 


[Backwater from the Lake and channel contro! 
within the reach 


The metering section is located adjacent to the 
Metering Section: gauge, and the channel can likely be waded at all 


Station Equipment 


Datalogg _ Campbell Scientific CR1000 _ 
Ой PLS 0-4т range, 15 m cable in the channel 
and а levelogger in the lake. The lake logger was 
strapped to 10 Ib weight and placed on the lake 
bottom. The channel logger was strapped to a 
25 weight with an anchor line and placed on the 
channel bed 

12V 20ah sealed lead acid battery, 2 x 20W 
solar panel, solar charge controller 

Campbell Scientific 12x14" enclosure attached 
to steel mast next to Inlet Channel 


Water Level Sensor: 


Power Supply: 


Station Mast & Enclosure: 


Benchmark Information 


BM-01 
281.080 

Geodetic Survey in 2016 

3 m West of staton 

0.75" steel rod driven to refusal 


BM-02 
280.094 

Level Survey from BM-01 
25 m from lake 

Bolt in tree 


BM-03 
281.094 

Level Survey from BM-01 
30m from lake 

Bolt in tree 


<< | 


~ 


1 
1 
1 
П 
1 
П 
1 
П 
1 
i 
i 
Vd 
1 
1 
П 


ө, — 4 


Pressure Transducer ~ — 


001334 


diha Muskeg River Upstream of the Lake MR-D 
Hatfield Outlet Channel Station Information 


c JATANTS 
2. ~ Revised: 26 February 2019 Sheet 


Location and Purpose: 
This station was established to monitor water levels on the Muskeg River just upstream of the Lake Outlet confluence. Its purpose is to provide insight into backwater effects of the 

Outlet Channel on the Muskeg River, to ensure that the Outlet Channel functions properly and flow does not divert from the river to the lake. The station is located approximately 4km 
NW of CNRL Albian Village. Operation of this station started on April 12, 2017 


Station Details 
Variables Measured: Water level, water temperature 


Period of Record: 12-Apr-17 


Station Operation: Year Round 
Access: Саппега Road 

Drainage Area: Japproximately 923 km? 

ИТМ Coordinates: 471587 E, 6346641 М (NAD83) 
Lat/Long: 5721543” М, 111°28'16" W (NAD83) 


d Details: 
The channel is approximately 12 m wide, with 
trapezoidal edges. The bed substrate is 
Channel: comprised of sand, silt and cobbles. 


Hydrometric Stati 


MR-D. Downstream channel control and the confluence 


А of Muskeg River and Jackpine Creek 


Station Equipment 


Datalogger: Campbell Scientific CR800 

Ott PLS 0-Ат range, 15 m cable. Transducer 
istrapped to 10 Ib weight on river channel bottom, 
anchored to mast 


Map Based on Google Earth Image 


Station MR-D and Mrs. T's Lake Outlet 
Channel flowing into Muskeg River 


Water Level Sensor: 


12V 20ah sealed lead acid battery, 20W solar 
panel, solar charge controller 

16" steel sign post driven Into ground with 
Station Mast & Enclosure: Campbell Scientific 12x14" enclosure u-bolted to 
mast 


Power Supply: 


Benchmark Information 


3 BM-01 
Elevation: 280.497 
Basis: Level survey from BM-03 
Location: 40 m north of staton 

Bolt in deciduous tree 


BM-02 
Elevation: 280.314 

Basis: Level survey from BM-03 
Location: 30 m north of station 
Bolt in coniferous tree 


: BM-03 
Elevation: 281.580 

Basis: Geodetic survey in 2016 
Location: 15 m north of station 

0.75" steel rod driven to refusal 


Mrs. T's Lake Outlet Channel todRing 
downstream towards MR-D státion 


Outlet Channel 


Station MR-D | 
” wd toa pa / \ 
\ 


/ м 


----..... 


A 


MR-D 


| ——— - E e Pressure Transducer 
€— А 
Approximate Scale 
d 10m A 
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Muskeg River at the Lake Inlet Channel 
Hatfield 


CONSULTANTS 
Rovised: 26 February 2019 


Location and Purpose: 


Established to monitor discharge in the Muskeg River at the Mrs. T's Lake Inlet. This station is intended to provide information to calculate wai 
quantify effects of the Lake on the hydrology of Muskeg River. The station is located approximately Акт NW of CNRL Albian Village. Operati 
2017 


Station Details 


—— —————————————— | 


MR-U 


Station Information 
Sheet 


(ег balances of Mrs. T's Lake and 
ion of this station started on April 12, 


Variables Measured: 


Discharge, water level, water temperature 


Hydrometric Station 
MR-U Period of Record: 


April 12, 2017 to present 


Station Operation: 


Year Round 


Access: 


Truck via CNRL Jackpine Mine - IOL Road, Boat 
from picnic area to station 


Drainage Area: 


919 km? 


МТМ Coordinates: 


472041 E, 6347491 М (NAD83) 


Lat/Long: 


57°16'11" М, 11172749" W (NAD83) 


Channel: 


The channel is approximately 15 m wide, with 
trapezoidal edges. The bed substrate is 
comprised of sand, silt and cobbles 


Channel controls within the cross-section and 
downstream constrictions 


Metering Section: 


Station Equipment 


Map Based on Google Earth Image 


The metering section is located upstream of the 
gauging station. Measurements can be 

completed using an ADCP or an ADV during low 
flow conditions. 


MR-U station from the inlet channel. Datalogger: 


Campbell Scientific CR1000 


Water Level Sensor: 


Ott PLS 0-4m range, 15 m cable. Transducer 
strapped to 10 Ib weight on river channel bottom, 
lanchored to mast. 


Power Supply: 


12V 20ah sealed lead acid battery, 20W solar 
panel, solar charge controller 


Station Mast & Enclosure: 
Benchmark Information 


BM: 
Elevation: 
Basis: 
Location: 
Description: 


BM: 
Elevation: 
Basis: 
Location: 
Description: 


Metering section of Muskeg River, 
upstream of the MR-U station 


BM: 
Elevation: 


Basis: 
Location: 


Description: 


16" steel sign post driven into ground with 
Campbell Scientific 12x14" enclosure u-bolted to 
mast 


BM-01 
280.973 
Level survey from IC1/LL-1 BM-01 
25 m south east of staton 

Lag bolt in conifer 


BM-02 
280.931 

Level survey from IC1/LL-1 BM-01 
15 m east of station 

Bolt in conifer 


BM-03 
281.010 

Level survey from IC1/LL-1 BM-01 
15m south of station 

Bolt in conifer 


Inlet Channel | 


| 


| өм | Station МЕ-Ј / 
Ф Attached to a post \ 
| i / N 
| 1 
1 
| Ц 
р 
L —— 
222 ! MR-U — 
| — — Pressure Transducer 
----- 
| a 
Muskeg River 
Approximate Scale p 
от 10m 
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| 
с Mrs. T's Lake Outlet Channel OC-1 


Hatfield Station Information 


CONSULTANTS 
Revised: 28 February 2019 Sheet 


Location and Purpose: ` 


Established to monitor outflow from Mrs. T's Lake to Muskeg River to provide insight into the lake water balance and fish passage between the lake and Muskeg River. The station is 
located approximately 4 km NW of CNRL Albian Village. Operation of this station started in 2016. 


Station Details 
Variables Measured: Discharge, water level, water temperature 


Period of Record: 2016 to present 


Station Operation: Year round 

Truck via CNRL Jackpine Mine - IOL Road, Boat 
from picnic area to station 

Drainage Area: N/A 

UTM Coordinates: 471709 E, 6346702 N (NAD83) 

Lat/Long: 57°15'45° N, 111°28'9" W (NAD83) 


Access: 


Measurement 


The channel is approximately 10 m wide, with 
trapezoidal edges. The bed substrate is 
Channel: comprised of cobbles and large boulders. 


Hydrometric Station 
OC-1 


Upstream lake levels 
Control: 


The metering section is located adjacent to the 
Metering Section: gauging station. The channel is likely wadable at 


Map Based on Google Earth image 


Station Equipment 


Datalogger: Campbell Scientific CR1000 
OTT PLS attached to a 25 Ib weight and anchored 
Barologger strapped to back of solar panel 


Water Level Sensor: 


12V 20ah sealed lead acid battery, 20W solar 


Power Supply: panel, solar charge controller 


Station Mast & Enclosure: 6' steel sign post driven into ground with Campbell 
Scientific 12x14" enclosure u-bolted to mast 


Benchmark Information 


BM: BM-01 

Elevation: 280.760 

Basis: 2016 Geodetic survey 

Location: 60m East of OC-1 station on opposite bank 
Description: 0.75" steel rod driven to refusal 


Station ОСУ BM: BM-2 


Elevation: 280.120 

Basis: Level survey of BM-01 

Location: 20m northwest of OC-1 on opposite bank 
Description: Upstream lag bolt in tree 

BM: BM-3 

Elevation: 280.063 

Basis: Level survey of BM-01 

Location: 20m northwest of OC-1 station on opposite bank 
Description: Downstream lag bolt in tree 
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tr Mrs. T's Lake Pelagic Zone Buoy 
Hatfield 


CONSULTANTS 


Revised: 1 March 2019 


Location and Purpose: 


located approximately 4 km NW of CNRL Albian Village in the middle of the Lake. Operation of this monitoring buoy started in 2018. 


Station Details 


Established to monitor continuous water quality in Mrs. T's Lake to provide insight into the water quality at various depths and changes throughout the open water season. The buoy is 


PZ1 


Station Information 
Sheet 


[Variables Measured: 


Continuous water quality: water temperature, 
light intensity, specific conductivity, pH, 
dissolved oxygen 


2018 to present 


Open-water (May-October) 


Truck via CNRL Jackpine Mine - IOL Road, Boat 
from picnic area to buoy 


4727115 E, 6346958 N (NAD83) 


57°15'51” М, 11172745" W (NAD83) 


PZ1 Buoy 


The lake depth at the buoy location is 
approximately 12 m. The lake bed substrate is 
composed primarily of sand and fine silt. Buoy is 
anchored to bottom of the lake. Sondes and 
thermostring sensors are affixed to buoy via 
cables. 


Map Based on Google Earth Image 
Continuous Water Quality 


Sensors: 


Three YSI EXO3 data sondes, deployed at 0.5 
m, 6 m, and 11 m below the Lake surface. 
Sondes measure water temperature, specific 
conductivity, pH, and dissolved oxygen 


PZ1 Monitoring Buoy 


Continuous Water 
Temperature and Light 
Penetration Sensoi 


НОВО Pendant light/temperature 64k 
(thermostring), sensors deployed at 0.5, 2, 3, 4, 
5, 7, 8, 9, and 10 m from Lake surface 


Buoy and ЕХОЗ Sondes 


Hobo Pendant thermostring 
temperature/light sensor 


Lake Surface PZ1 Buoy 


Thermostring 
sensors ЕХОЗ sondes 
712m — 


| Lake Bottom 


Mrs. T's Lake 
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